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. The Proceedings of the American Society for Testing Materials are 
published annually and include all reports and papers offered to the So- 

ciety during the current year and accepted by the Administrative Com- 
7 mittee on Papers and Publications for the Proceedings, together with 
‘ discussion. 

The table of contents and subject and author indexes cover all papers 
and reports published by the Society during the current year, which in 
addition to those appearing in the Proceedings includes those accepted 
for publication in the ASTM BUuLtetrn or in Special Technical Publi- 
cations. 

A list of the Special Technical Publications published by the Society 
in 1953 is given on the last page of this volume. This supplements the 
list appearing in the Proceedings for 1948 to 1952 covering all special 
publications published by the Society up to and including 1952. 
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Nothing contained in any publication of the American Society 
for Testing Materials is to be construed as granting any right, 
by implication or otherwise, for manufacture, sale, or use in 
connection with any method, apparatus, or product covered by 
Letters Patent, nor as insuring anyone against liability for 
infringement of Letters Patent. 
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ATLANTIC City, N. J., JUNE 28-Juty 3, 1953 


This summary of the Fifty-sixth An- 
nual Meeting of the American Society 
for Testing Materials, held at the Chal- 
fonte-Haddon Hall Hotel, Atlantic City, 
N. J., June 28-July 3, 1953, is a record 
of the transactions of the meeting, in- 
cluding the actions taken on the various 
recommendations submitted by the tech- 
nical committees. In all, 34 technical 
sessions and 1 informal session were held. 

The régistered attendance of the meet- 
ing is as follows: Members present or 
represented, 1290; committee members, 
786; guests, 394; total, 2470; ladies, 450. 

The Proceedings are set forth session 
by session. There were 73 reports and 
130 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports have 
been grouped so as to cover the accept- 
ance of material for publication as tenta- 
tive, such as new specifications, methods 
of test, revisions of tentatives, and pro- 
posed revisions of existing standards, 
and, as a separate group, the approval 
of matters that were referred to letter 
ballot of the Society, comprising the 
adoption of tentatives as standard and 


SUMMARY OF PROCEEDINGS 
OF THE 


FIFTY-SIXTH ANNUAL MEETING 


the adoption of revisions of standards. 
Accordingly, wherever the action is re- 


reported “adopted as standard” or | 


“adopted as standard, revisions in” it is 
understood that this indicates approval 
of the Annual Meeting for reference to 
letter ballot of the Society.! The various 
recommendations so recorded are in- 
cluded in the Society letter ballot. The 
actions designated as “accepted as tenta- 
tive’’ or “accepted as tentative, revisions 
in,” are self-evident as indicating ac- 


ceptance by the Society at the Annual : 


Meeting for publication as tentative. Des- 
ignations that have since been assigned 


to new tentativesare included as informa- _ 


tion. 

While all the items on the program are 
recorded under the particular session in 
which they are presented, for conven- 
ience in locating actions with respect to 
any particular report, the accompanying 
list is presented of all reports together 
with the page reference where the ac- 
tions thereon are recorded: 


1The letter ballot on recommendations, affecting 
standards, distributed to the Society membership, was 
canvassed on September 15, 1953. 
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LOCATION OF ACTIONS ON COMMITTEE REPORTS 


Committee: PAGE 


A-5 on ae of Iron and Steel 23 
A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys................... 23 
B-1 on Wires for Electrical Conductors................... 7 
B-3 on Corrosion of Non-Ferrous Metals and Alloys.................cceeeeceeeeceeees 23 
B-4 on Electrical-Heating, Resistance and Related Alloys..................00000eeeees 8 
B-5 on Copper and Copper Alloys, Cast and Wrought...................00cceeeeeeeee 8 
B-7 on Light Metals and Alloys, Cast 23 
B-8 on Electrodeposited Metallic 8 
B-9 on Metal Powders and Metal Powder Products. .............ccceccscccscccsececs 9 
C-2 on Magnesium Oxychloride and Oxysulfate Cements. .................00-2eeeeeee 29 
C-19 on Structural Sandwich 30 
D-1 on Paint, Varnish, Lacquer, and Related Products. .................0ccceeeeeeees 17 

D-8 on Bituminous Waterproofing and Roofing Materials.........................000 18 
em and Mubber-l ice Materials... 29 
D-21 on Wax Polishes and Related Materials .....................ccecececceceesees 7 


D-22 on Methods of Atmospheric Samples and — 
D-23 on Cellulose and Cellulose Derivatives...... 7 
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FIFTY-SIXTH ANNUAL MEETING 3 


PAGE 
E-1 on Methods of Testing. 24 
E-5 on Fire Tests of ‘Materials 30 
Joint Committee on Effect of Temperature on the Properties of Metals................. 4 

SYMPOSIUMS AND SPECIAL SESSIONS 

Symposium on Metallic Materials at Low 3 
Symposium on Techniques for Electron Metallography....................0000ceeeeee 11 
Symposium on X-ray Spectrographic Analysis...................ccceeeeceeeeceeeeees 4 
Symposium on Porcelain Enamels.and Ceramic Coatings as Engineering Materials........ 20 
Symposium on Radioactivity in ASTM 6, 11 
Papers on Bituminous Waterproofing and Roofing Materials.......................4.. 15 


FIRST SESSION—OPENING SESSION 


SUNDAY, JUNE 28, 8:00 p.m. 


ForMAL OPENING OF THE FIFTY-SIXTH ANNUAL MEETING, PRESIDENT H. L. MAXWELL — 


SYMPOSIUM ON METALLIC MATERIALS AT LOW TEMPERATURES 
Session CHAIRMAN: E. M. MacCutTcHEon 
Co-CHarrMEN: N. A. AnD H. C. BOARDMAN 


Introduction—A. L. Tarr. Analysis of Brittle Behavior in Ship Plates— 
Brittle Failure in Ships and Other Steel Struc- M. L. Williams, presented from manuscript 
tures—K. K. Cowart, presented from manu- by the author. 
script by the author. A Critical Survey of Brittle Fracture in Carbon 
Plate Steel Structures Other Than Ships— 
2? To be issued as separate technical publication ASTM M. E. Shank, presented from manuscript by 
STP No. 158. the author. 


(Symposium Continued in Second, Third, Fifth, and Sixth Sessions) 
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Session CHAIRMAN: F. B. FoLey 
Co-CHatrMEN: O. T. MARZKE AND JouN R. Low, Jr. 
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SUMMARY OF PROCEEDINGS 


SECOND SESSION—SYMPOSIUM ON METALLIC 
AT LOW TEMPERATURES 


(Continued from First Session) 


Monpay, JuNE 29, 9:00 a.m. 


SEssion CutairMAN: G. W. Howarp 
Co-CHAIRMEN: JAMES O. JACKSON AND WILLIAM M. BaLpwin, Jr. 


Interest of the Army in Brittle Failures—T. T. L. Hoyt, presented from manuscript by the 
Paul, presented from manuscript by the au- author. 
thor. 
Theory of Brittle Fracture and Criteria for Be- Joint Committee on Effect of Temperature 
havior at Low Temperatures—E. R. Parker, on the Properties of Metals: 
presented from manuscript by the author. Report presented by F. B. Foley, chairman, 
Brittle Fracture: Significance for Engineers—S. and accepted as a report of progress. 
(Symposium Continued in Third, Fifth, and Sixth Sessions) 


‘THIRD SESSION—SYMPOSIUM ON METALLIC MATERIALS AT LOW TEMPERATURES 


Jrom First and Second Sessions) 


Monpay, JUNE 29, 2:00 p.m. 


Metallurgical Aspects of Low-Temperature Be- Irwin, presented from manuscript by the au- 
havior in Ferrous Materials—C. H. Lorig, thor. 
presented from manuscript by the author. Brittleness, Triaxility, and Localization—W. r. 
: ’ : Roop, presented from manuscript by John 
Fundamentals of Fracture in Metallic Materials R. Low, Jr. 
—M. Gensamer, presented from manuscript Effect of Metallurgical Structure on the Impact 
by the author. Properties of Steels—J. A. Rinebolt, presented 
The Effect of Size Upon Fracturing—G. R. from manuscript by the author. 


(Symposium Continued in Fifth and Sixth Sessions) a * 


FOURTH SESSION—SYMPOSIUM ON FLUORESCENT 
-RAY SPECTROGRAPHIC ANALYSIS? 


Monpay, JUNE 29, 2:00 P.M. 
he 
Session CHarRMAN: E. B. ASHCRAFT 
Introduction—E. B. Ashcraft . Brooks, presented from manuscript by Mr. 
Basic Theory and Fundamentals of Fluorescent Friedman. 
X-Ray Spectrographic Analysis—Herbert General Aspects of Analytical Applications of 
Friedman, La Verne S. Birks, and Edward J. X-ray Fluorescent Spectrography—J. Sher- 


3 Issued as separate technical publication ASTM STP hg presented from manuscript by the au- 
No. 157. or. 
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Examination of Metallic Materials by X-Ray 
Emission Spectrography—R. M. Brissey, H. 
A. Liebhafsky, and H. G. Pfeiffer,.presented 
from manuscript by Mr. Liebhafsky. 

The Fluorescent X-Ray Spectrographic Analysis 
of Minerals—Howard F. Carl and William J. 
Campbell, presented from manuscript by Mr. 
Campbell. 

An Absolute Method of X-Ray Fluorescence 
Analysis Applied to Stainless Steels—Gordon 
E. Noakes, presented from manuscript by the 
author. 

Use of Multichannel Recording in X-Ray Fluo- 
rescent Analysis—M. F. Hasler and J. W. 
Kemp, presented from manuscript by C. A, 
Vaile. 


Committee E-2 on Emission Spectroscopy: 


Report presented by B. F. Scribner, chairman, 
and accepted as a report of progress. 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by Arba Thomas, vice- 
chairman, in the absence of the chairman, and 
the following action taken: 


Adopted as Standard: 


Recommended Practices for Apparatus for 
Chemical Analysis of Metals (E 50 - 48 T). 


FIFTH SESSION—SYMPOSIUM ON METALLIC MATERIALS AT LOW TEMPERATURES 
(Symposium Continued from the First, Second, and Third Sessions) 


Evaluation of the Significance of Charpy Tests 

—William S. Pellini, presented from manuscript 
by the author. 

Significance of V-Notched Impact Test in Evalu- 
ation of Armor Plate—A. Hurlich, presented 
from manuscript by the author. 

Notch Bend Tests for Evaluating the Properties 
of Weldments—R. D. Stout, presented from 
manuscript by the author. 

Reproducibility of Keyhole Charpy and Tear- 
Test Data on Laboratory Heats of Semikill 


Monpay, JUNE 29, 8:00 pP.at. 


SEssION CHAIRMAN: IRVING ROBERTS 
Co-CHaAIRMEN: R. H. Rarinc AND RIND 


Steels—R. H. Frazier, J. W. Spretnak, and 
F. W. Boulger, presented by Mr. Frazier. 

Effect of Specimen Preparation on Notch-Tough- 
ness Behavior of Keyhole Charpy Specimens 
in the Transition Temperature Zone—R. W. 
Vanderbeck, W. T. Lankford, S. C. Snyder, 
R. W. Lindsay, and H. D. Wilde, presented 
by Mr. Vanderbeck. 

High Speed Motion Picture Study of Impact 
Test—H. L. Fry, presented by the author. 


(Symposium Continued in Sixth Session) ft 
=f 


SIXTH SESSION—SYMPOSIUM ON METALLIC MATERIALS AT LOW TEMPERATURES 
(Continued from First, Second, Third, and Fifth Sessions) 


Low-Temperature Impact Properties on Ti- 
tanium—David E. Driscoll, presented from 
manuscript by the author. 

The Notched Bar Impact Properties of Tem- 


JuNE 30, 9:00 a.m. 


CHAIRMAN: A. L. TARR 
Co-CHAIRMEN: T. N. ARMSTRONG AND JouN G. THOMPSON 


pered Martensite in Medium Carbon, Medium 
Alloy Grades of Steel—M. Baeyertz, W. F. 
Craig, Sr., and J. P. Sheehan, presented from 
manuscript by Mr. Sheehan. 
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Effect of Boron on the Impact Properties of 
Quenched and Tempered Steels—H. Schwartz- 
bart and J. P. Sheehan, presented from manu- 
script by Mr. Schwartzbart. 

Low-Temperature Brittleness of Steels at High 
Hardness Levels—Sam Tour, presented from 
manuscript by the author. 

Notch Sensitivity of Steels—E. J. Ripling, pre- 
sented by the author. 

Effect of Carbon and Nitrogen on the Tensile 
Deformation of High-Purity Iron at 27 C and 
at —196 C—Lewis D. Hall, presented by title 
only. 

Tension Impact Strength and Strain Distribu- 

tion at Room and Sub-Zero Temperatures of 


Stainless and Other Steels—C. R. Mayne, 
V. N. Krivobok, and C. W. Muhlenbruch 
presented from manuscript by Mr. Mayne. 

Impact Properties of Ferritic Ductile Iron— 
R. W. Kraft, presented from manuscript by 
the author. 

Ductile and Brittle Failure in Ferritic Nodular 
Iron—G. N. J. Gilbert, presented from manu- 
script by James T. MacKenzie. 

The Low-Temperature Properties of Cast Iron 
—G. N. J. Gilbert, presented from manuscript 
by Mr. T. E. Eagan. 

Low-Temperature Toughness of Flake and Sphe- 
roidal Graphite Cast Irons—J. S. Vanick, 
presented from manuscript by the author. 


An informal and off-the-record discus- 
sion on Radioactivity in ASTM Work 
consisted of the following presentations: 


Introduction—S. E. Eaton. 

Welcome and Statement of History, Aims, and 
Present Activites of Committee E-10 on 
Radioactive Isotopes—Don M. McCutcheon. 

Properties and Uses of Radioisotopes—G. D. 
Calkins. 

Applications of Radioactive Measurements to 
ASTM Work—O. M. Elliott. 

Design of Radioisotope Laboratories—G. G. 
Manov and O. M. Bizzell. 

Training Personnel in Radioisotope Techniques 
—Donald R. Smith. 


SEVENTH SESSION—SYMPOSIUM ON RADIOACTIVITY IN ASTM WORK 
TuEspAY, JUNE 30, 9:00 a.m. 


SEssION CHAIRMAN: S. E. Eaton bd 


Instrumentation—E. H. Wakefield. 

Management Problems Resulting from Radio- 
isotope Utilization by Industry—W. L. David- 
son, 


[While these were intended as informal 
presentations, the committee is giving 
consideration to having papers on in- 
dividual subjects prepared looking to- 
wards the publication of a Symposium on 
Radioactivity in ASTM Work.**] 


%® Will be issued as separate publication entitled, 
“Symposium on_ Radioactivity—Isotopes and Tracer 
Techniques,” ASTM STP No. 159. 


Sympesinn Continued in Twelfth Session) 


EIGHTH SESSION—REPORT SESSION 
Tuespay, June 30, 11:30 a.m. 


SEssION CHAIRMAN: A. C. FIELDNER 


Committee D-3 on Gaseous Fuels: 


Report presented by K. R. Knapp, secretary, 
in the absence of the chairman, and the follow- 
ing actions taken: 


Accepted as Tentative: 


Method of Sampling Liquefied Petroleum Gases 
(D 1265 — 53 T) (Jointly with Committee D-2 
on Petroleum Products and Lubricants.) 


Adopted as Standard: 


Method for Analysis of Natural Gases by the 
Volumetric Chemical Method (D 1136 - 50 T) 

Method for Analysis of Natural Gases and Re- 
lated Types of Gaseous Mixtures by the Mass 
Spectrometer (D 1137 - 50 T) 

Test for Water Vapor Content of Gaseous Fuels 
by Measurement of Dew-Point Temperature 
(D 1142 - 50 T) 

Method for Sampling Natural Gas (D 1145 — 50 
T) 
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Committee D-5 on Coal and Coke: 


Report presented by W. W. Anderson, chair- 
man, and the following action taken: - 


Firty-SixTtH ANNUAL MEETING 


Adopted as Standard: 


Method of Sampling and Analysis of Coal for 
Volatile Matter Determination in Connection 
with Smoke Ordinances (D 980 -48 T) 


Committee D-7 on Wood: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Copperized Chromated Zinc Chloride 
(D 1271-53 T) With editorial revisions in 
Section 2 to present more correctly the com- 
position and properties. 

Spec. for Pentachlorophenol (D 1272 - 53 T) 
Methods for Chemical Analysis of Copperized 
Chromated Zinc Chloride (D 1273 - 53 T) 
Methods for Chemical Analysis of Pentachlo- 

rophenol (D 1274 - 53 T) 


Accepted as Tentative, Revisions in: 

Spec. for Round Timber Piles (D 25 - 52 T) 
Adopted as Standard: 

Test for Integrity of Glue Joints in Laminated 


Wood Products for Exterior Service (D 1101 
- 50 T) 


Adopted as Standard, Revisions in: 


Spec. for Creosote (D 390 - 49) 
Spec. for Creosote-Coal Tar Solution (D 391 - 
50) 


Committee D-10 on Shipping Containers: 
Report presented by G. E. Falkenau, chair- 

man, and the following actions taken: 

Accepted as Tentative: 

Test for Water Vapor Permeability of Shipping 
Containers by Cycle Method (D 1276 - 53 T) 

Adopted as Standard: 

Methods of Testing Large Shipping Cases and 
Crates (D 1083 - 50 T) 


Committee D-21 on Wax Polishes and Re- 
lated Materials: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative: 


Test for Nonvolatile Matter (Total Solids) 
in Water-Emulsion Waxes (D 1289 - 53 T) 
Test for Sediment in Water-Emulsion Waxes by 

Means of Centrifuge (D 1290 - 53 T) 
Test for Total Ash and Silica in Water-Emulsion 
Waxes (D 1288 - 53 T) 


Committee D-23 on Cellulose and Cellulose 
Derivatives: 


Report presented by W. W. Becker, amen, 
and accepted as a report of progress. 


NINTH SESSION—REPORT SESSION 
TUESDAY, JUNE 30, 11:30 a.m. 


SESSION CHAIRMAN: G. R. Goun 


Committee B-1 on Wires for Electrical Con- 
ductors: 


Report presented by D. Halloran, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Stiffness of Bare Soft Square and Rec- 
tangular Copper Wire for Magnet Wire Fab- 
rication (B 279 — 53 T) 


Accepted as Tentative, Revisions in: 


Spec. for Hard-Drawn Copper Wire (B 1 - 52 T) 
Spec. for Soft or Annealed Copper Wire (B 3 - 


52 T): revising the second paragraph of Sec- 
tion 7 (a) to read “If the average is more than 
the tensile strength in Table I minus 800 psi 
and the tensile strength of each of the indi- 
vidual specimens is equal to or less than the 
value in Table I, six additional specimens from 
six production units, other than the four 
originally sampled, shall be tested. The lot 
shall be considered conforming if the tensile 
strength of each of the ten specimens is not 
more than the appropriate tensile strength 
value in Table I and the average of the ten 
specimens is not more than that value minus 
800 psi. The lot shall be considered to have 
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failed to meet the tensile strength requirement 
if any of the ten specimens exceeds the ap- 
propriate tensile strength value in Table I 
or if the average of the ten specimens exceeds 
that value minus 800 psi.” 

The second paragraph of Section 7 (6) was 
also revised to read “If the average is less than 
the elongation in Table I plus 2.5 per cent and 
the elongation of each of the individual speci- 
mens is equal to or more than the value in 
Table I, six additional specimens from six 
production units, other than the four origi- 
nally sampled, shall be tested. The lot shall be 
considered conforming if the elongation of each 
of the ten specimens is not less than the 
appropriate elongation value in Table I, and 
the average of the ten specimens is not less 
than that value plus 2.5 per cent. The lot shall 
be considered to have failed to meet the 
elongation requirement if any of the ten speci- 
mens is less than the appropriate elongation 
value in Table I or if the average of the ten 
specimens is less than that value plus 2.5 per 
cent.” 

Spec for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33-52T) 

Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Bunch-Stranded Members for 
Electrical Conductors (B 172 — 52 T) 

Spec. for Rope-Lay-Stranded Copper Conduc- 
tors Having Concentric-Stranded Members for 
Electrical Conductors (B 172 - 52 T) 

Spec. for Bunch-Stranded Copper Conductors 
for Electrical Conductors (B 174 - 52 T) 

Spec. for Lead-Coated and Lead-Alloy Coated 
Soft Copper Wire for Electrical Purposes 
(B 189 - 52 T) 

Spec. for Hard-Drawn Aluminum Wire for Elec- 
trical Purposes (B 230 - 52 T) 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Steel Reinforced (ACSR) (B 232 
- 52 T) 


Adopted as Standard, Revisions in: 


Spec. for Concentric-Lay-Stranded Copper Con- 
ductors, Hard, Medium-Hard, or Soft (B 8 - 
52) 

Spec. for Bronze Trolley Wire (B 9 - 52) 

Spec. for Hard-Drawn Copper Alloy Wires for 
Electrical Conductors (B 105 — 52) 

Spec. for Concentric-Lay-Stranded Auminum 
Conductors, Hard-Drawn (B 231 - 52) 


Committee B-4 on Electrical Heating, Re- 
sistance, and Related Alloys: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


PROCEEDINGS 


Accepted as Tentative, Revisions in: 


Spec. for High-Resistivity, Low-Temperature 
Coefficient Wire (B 267 - 52 T) 


Adopted as Standard: 


Spec. for 17 per cent Chromium-Iron Alloy for 
Sealing to Glass (B 256-51 T) 

Spec. for 28 per cent Chromium-Iron Alloy for 
Sealing to Glass (B 257 - 51 T) 


Committee B-5 on Copper and Copper Al- 
loys, Cast and Wrought: 


Report presented by G. H. Harnden, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Seamless Copper Tube for Refrigeration 
Service (B 280 - 53 T) 


Accepted as Tentative, Revisions in: 


Spec. for General Requirements for Wrought 
Copper and Copper-Alloy Plate Sheet, Strip, 
and Rolled Bar (B 248 - 52 T) 

Spec. for Seamless Brass Boiler Tubes (B 14- 
49) 

Spec. for Naval Brass Rod, Bar, and Shapes 
(B 21 - 52) 

Spec. for Seamless Red Brass Pipe, Standard 
Sizes (B 43 - 52) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 
- 52) 

Spec. for Gilding Metal] Strip (B 130 - 52) 

Spec. for Gilding Metal Bullet Jacket Cups 
(B 131 - 52) 

Spec. for Manganese Bronze Rod, Bar, and 
Shapes (B 138 - 52) 

Spec. for Aluminum Bronze Rod, Bar, and 
Shapes (B 150 — 52) 

Spec. for Copper Sheet, Strip, Plate, and Rolled 
Bar (B 152 - 52) 

Spec. for Copper-Alloy Condenser Tube Plates 
(B 171 - 52) 

Committee B-8 on Electrodeposited Me- 
tallic Coatings: 

Report presented in the absence of the chair- 
man by R. E. Hess, ind the following actions 
taken: 

Accepted as Tentative: 

Recommended Practice for the Preparation of 
Copper and Copper-Base Alloys for Electro- 
plating (B 281 - 53 T) 

Accepted as Tentative, Revisions in: 

Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166 - 45 T) 


Spec. for Electrodeposited Coatings of Lead on 
Steel (B 200 - 45 T) 
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Adopted as Standard: 


Spec. for Electrodeposited Coatings of Zinc on 
Steel (A 164-51 T) 

Spec. for Electrodeposited Coatings of Cadmium 
on Steel (A 165 - 51 T) 

Recommended Practice for Preparation of Zinc 
Base Die Castings for Electroplating (B 252 - 
51 T) 

Recommended Practice for Preparation of and 
Electroplating on Stainless Steel (B 254-51 
T) 

Recommended Practice for Preparation of and 
Electroplating on Aluminum Alloys (B 253 - 
51 T), as revised 


Adopted as Standard, Revisions in: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Zinc and Zinc Base Die 
Castings (B 142 - 51) 

Recommended Practice for Preparation of High 
Carbon Steel for Electroplating (B 242 - 51) 


ANNUAL MEETING 


Committee B-9 on Metal Powders and Metal 
Powder Products: 


Report presented by F. V. Lenel, cam, 
and the following action taken: 


Accepted as Tentative: 


Spec. for Sintered Metal Powder Structural 
Parts from Brass (B 282 - 53 T) 


Committee C-3 on Chemical-Resistant Mor- 
tars: 


Report presented in the absence of the chair- 
man by F. O. Anderegg, and the following ac- 
tions taken: 


Accepied as Tentative: 
Test for Compressive Strength of Resin-Type 
Chemical-Resistant Mortars (C 306 - 53 T) 
Test for Tensile Strength of Resin-Type Chemi- 
cal-Resistant Mortars (C 307 — 53 T) 

Test for Working and Setting Times of Resin- 
Type Chemical-Resistant Mortars (C 308 — 53 
T) 


Committee C-4 on Clay Pipe: b 


Report presented by J. C. Riedel, chairman, 
and accepted as a report of progress. 


TENTH SESSION—LUNCHEON, PRESENTATION OF AWARDS OF MERIT, INTRO- 
DUCTION OF NEW OFFICERS, PRESIDENT’S ADDRESS, AWARD OF HONORARY 
MEMBERSHIPS, REPORT OF BOARD OF DIRECTORS, RECOGNITION OF 50- 
AND 40-YEAR MEMBERS 


TueEspay, JUNE 30, 12:00 a.m. 


CHAIRMAN: 


About 300 were present at this annual 


luncheon session, including a number of 
ladies and visitors. 


Awards of Merit: 


The Chairman of the 1953 Award of 
Merit Committee, H. M. Hancock, read 
brief citations and presented the follow- 
ing to President Maxwell, who conferred 
on them, on behalf of the Board of Di- 
rectors, the certificate of the Award of 
Merit: 

Everett G. Ham 
James T. MacKenzie 
Dalton G. Miller 
R. E. Peterson 
Carlton H. Rose 
W. A. Selvig 
E. I. Shobert IT 


Past-PRESIWENT T. S. FULLER 


Earl R. Stivers 
* Jerome Strauss 
Roderick B. Young 


Election of Officers: 


Results of the letter ballot on 
of new officers were announced by the 
Chairman of the Tellers’ Committee, W. 
J. McCoy. The results were as follows: 


For President, to serve for one year: 
L. C. Beard, 1204 votes 

For Vice-President, to serve for two years: 
C. H. Fellows, 1205 votes 

For Directors, to serve for three years: 
N. A. Fowler, 1200 votes 
R. T. Kropf, 1199 votes 
T. F. Olt, 1202 votes 
J . R. Townsend, 1193 votes 
K. B. Woods, 1201 votes 
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The newly-elected members of the 
Board of Directors who were present were 
introduced, as were President- elect Beard 


two men responding briefly. 


Presidential Address: 


The annual President’s Address was 

, presented by Harold L. Maxwell, his 

subject being “‘ People and Things.” This 

address is printed in the July ASTM 
BULLETIN. 


Award of Honorary Memberships: 


The Executive Secretary read citations 
for the following two members who had 
been elected by the Board of Directors 
to Honorary Membership in the Society: 


Lloyd B. Jones (Deceased) 
Horace H. Lester 


Dr. Maxwell presented the certificate 
to Dr. Lester. Mr. Jones’ son Charles re- 
ceived the certificate for his father. 
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Report of the Board of Directors: ( 


R. J. Painter, Executive Secretary, 
presented a brief résumé of the Report of 
the Board of Directors. 


Recognition of 50- and 40-year Members, 
Special Presentations: 


The Executive Secretary read the 
names of nine members, both individual 
and company, who had been continu- 
ously affiliated with the Society for 50 
years. Certificates to that effect were 
presented. The procedure was repeated 
for thirty-seven 40-year members. A com- 
plete list of the 50- and 40-year members 
appears in the July, 1953 ASTM But- 
LETIN. 

Chairman Fuller then presented the 
Past President’s pin to retiring President 
Harold H. Maxwell. Past President J. 
G. Morrow as the Senior Past-President, 
retiring from the Board of Directors, was 
presented. He had completed eight years 
of service on the Board of Directors. 


Committee A-2 on Wrought Iron: 
Report presented by A. D. Morris, chairman, 
and accepted as a report of progress. 
7 Committee A-3 on Cast Iron: 


Report presented by D. E. Krause, secretary, 
in the absence of the chairman, and the following 
actions taken: 


Accepted as Tentative: 


Methods of Chill Testing of Cast Iron (A 367 
#3 


ELEVENTH SESSION—REPORT SESSION 


TurEspay, JUNE 30, 2:30 P.M. 


“ 
Session CuHarrMAN: G. H. HARNDEN 


(A 319-48 T) 


od 


Accepted as Tentative, Revisions in: 


Spec. for Automotive Gray Iron Castings (A 159 
- 49 T) 


Adopied as Standard: 


Spec. for Gray Iron Castings for Pressure Con- 
taining Parts for Temperatures up to 650 F 
(A 278 - 51 T) 

Spec. for Gray Iron Castings for Elevated Tem- 
peratures for Non-Pressure a Parts 
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Committee A-6 on Magnetic Properties: 


FiFTy-SIXTH ANNUAL MEETING 


Report presented by R. L. Sanford, chairman, 
and the following actions taken: 
Adopted as Standard, Revisions in: 


Methods of Testing Magnetic Materials (A 34 - 
49) 

Test for Permeability of Feebly Magnetic Ma- 
terials (A 342 - 49) 


Committee A-7 on Malleable-Ir on Castings: 


Report presented by W. A. Kennedy, chair- 
man, and accepted as a report of progress. 


Committee B-2 on Non-Ferrous Metals and 
Alloys: 


Report presented by B. W. Gonser, chairman, 


and accepted as a report of progress. 


Report presented in the absence of the chair- 
man by J. W. Caum, and accepted asa report of 
progress. 


Joint Committee on Filler Metal: 


Atomic Energy Commission Movie on Method- 
ology—G. G. Manov. 
Demonstration Period. 

Absorption and Backscatter Types of Beta 
Ray Thickness Gages—J. Pennock, Tracer- 
lab, Inc. 

Radioisotopes in Radiography—D. T. O’Con- 
nor, Naval Ordnance Laboratories. 

Beta Ray Hydrogen Carbon Ratio Analyzer 
—R. B. Jacobs, Standard Oil Company of 
Indiana and H. M. Sullivan, Central Scien- 
tific Co. 

Radiolabeled Dirt in Cleaning Tests—O. K. 
Neville, Nuclear Instrument and Chemical 
Corp. 


Panel Discussion: 


The panel consisted of the previous speakers 
with other selected ASTM committee members. 
The purpose was to give other ASTM commit- 


—SYMPOSIUM ON RADIAOCTIVITY IN ASTM WORK 


(Continued from Seventh Session) 
TueEspAy, JUNE 30, 2:15 p.m. 


Session G. G. MaAnov E. B. AsHcRAFT 


tees a chance to tell of their activities, plans, or 

thoughts, on using radioactivity and for the 

panel members to answer further questions. 

Exhibit: 

A small exhibit of representative instruments 
and equipments was planned for continuous 
showing throughout the day as listed below. 
Beta Gages and Radiographic Equipment— 

Tracerlab, Inc. 

Complete Display of Radiation Detectors, 
Geiger, Proportional, Scintillation Ion Chem- 
ber for Liquids, Solids, and Gases—Radiation 
Counter Laboratories, Inc. 

Scintillation Counter, Radiation Monitor, and 
Scintillation Portable Probe—General Electric 
Co. 

One Laboratory Type Radioisotope Analyzer 
System—Nuclear Instrument and Chemical 


Introduction—C. M. Schwartz. 


4 Issued as separate technical publication ASTM STP 
No. 155. 


TuEspDAY, JuNE 30, 2:30 


Sess1on Co-CHAIRMEN: C. M. ScHwartz AND L. L. WyMAN 


Corp. 
a 


THIRTEENTH SESSION—SYMPOSIUM ON TECHNIQUES 
FOR ELECTRON METALLOGRAPHY* 


Techniques Used in Electron Microscopy of 
Aluminum Alloys—M. S. Hunter and F. 
Keller, presented from manuscript by Mr. 

Keller. 
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Techniques for the Study of Precipitated Car- 
bides—W. D. Forgeng and John L. Lamont, 

} presented by Mr. Forgeng. 
Inorganic Replication: Interpretation of Elec- 


SUMMARY OF PROCEEDINGS 


tron Micrographs—C. J. Calbick, presented 
from manuscript by the author. 

Electron Microstructure of Steel by “Extrac- 
tion Replica” Technique—R. M. Fisher, pre- 
sented from manuscript by the author. 


(Symposium Continued in Seventeenth Session) 


Papers: 

_ Properties and Behavior of a High-Strength 
Rivet Steel—Frank Baron and Edward W. 
Larson, Jr., presented by Mr. Larson. 

The Influence of Strain Rate and Temperature 
on the Strength and Ductility of Mild Steel 
in Torsion—C. E. Work and T. J. Dolan, pre- 
sented by Mr. Dolan. 

Creep and Creep-Rupture of Some Ferritic Steels 

- Containing 5 % to 17% Chromium—E. J. Dulis 

i and G. V. Smith, presented by Mr. Smith. 

Influence of Sharp Notches on the Stress-Rup- 
ture Characteristics of Heat-Resisting Alloys: 


_ FOURTEENTH SESSION—STEEL 


TueEspay, JUNE 30, 2:30 p.m. 


(Papers on Steel Continued in Thirty-second Session) 


Session Co-CHAIRMEN: VICE-PRESIDENT N. L. Mocuet anp E. F. LuNDEEN 


Part II—W. F. Brown, Jr., M. H. Jones, and 
D. P. Newman, presented by Mr. Brown. 

Time-Temperature Dependence of the Notch 
Effect and Influence of Notch Depth in Stress- 
Rupture Tests on a Cr-Mo-V Steel—D. P. 
Newman, M. H. Jones, and W. F. Brown, Jr., 
presented by Mr Brown. 

An Investigation of the Time-Temperature Re- 
lations for Correlation and Extrapolation of 
Stress-Rupture Data—S. S. Manson and W. 
F. Brown, Jr., presented from manuscript by 
Mr. Manson. 


Second Gillett Memorial Lecture: 


President Maxwell called upon Mr. H. 
C. Cross of Battelle Memorial Institute, 
who remarked upon the establishment of 
the H. W. Gillett Memorial Lecture. 
This lecture is sponsored jointly by the 


tute to perpetuate the memory of Horace 
__W. Gillett, one of America’s leading tech- 
a ‘ nologists, the first Director of Battelle 


dj FIFTEENTH SESSION—GILLETT MEMORIAL LECTURE 


TuEsDAY, 30, 4:45 P.m. 


: SESSION CHAIRMAN: PRESIDENT H. L. MAXWELL 


ASTM and the Battelle Memorial Insti- : 


Institute, and for many years a very ac- 
tive worker in the Society, through the 
presentation of a lecture on a subject per- 
taining to the development, testing, eval- 
uation, and application of metals. 

Mr. Cross introduced Jerome Strauss, 
Vice-President, Vanadium Corporation 
of America, who presented the second 
H. W. Gillett Memorial Lecture on the 
subject “Micrometallurgy.” Mr. Strauss’ 
lecture involved the significance and ef- 


— | 


Co 


fec 
m 
of 
be 
be 
an 
| ha 
| 
ma 
Pa 
Th 
- 
] 
I 
Inf 
# 
Co 
an 
Ap 
Tec 
I 
No. 


Firty-sixtH ANNUAL MEETING 


fect of very small—in some cases minute 

quantities of elements on yarious 
metals and alloys. Fractions of a per cent 
of some elements have an important 
bearing on the use of alloys—frequently 
beneficial, occasionally deleterious. Small 
amounts of boron in steel, for example, 
have important effects in improving the 
heat-treating properties. Nitrogen and 


other elements influence the properties. 
Mr. Strauss covered many other similar 
situations. 


President Maxwell expressed apprecia- 
tion to Mr. Strauss for his splendid lec- 
ture and presented to him on behalf of 
the Society the H. W. Gillett Memorial 
Lecture Certificate. 


Committee E-9 on Fatigue: 


Report presented by R. E. Peterson, chair- 
man, and accepted as a report of progress. 


Papers: 

The Effect of Range of Stress on Fatigue 
Strength of Notched and Unnotched SAE 
4340 Steel in Bending and Torsion—W. N. 
Findley, F. C. Mergen, and A. H. Rosenberg, 
presented from manuscript by Mr. Findley. 

Influence of Grain Size on Fatigue Notch-Sensi- 


SIXTEENTH SESSION—FATIGUE 
TuEspAy, JUNE 30, 8:00 


Session Co-CHAIRMEN: W. T. LANKFORD AND R. R. Moore 


tivity—R. W. Karry, and T. J. Dolan, pre- 
sented by Mr. Karry. 

Static and Fatigue Properties of Carbon, Silicon, 
and High-Strength Low-Alloy Steel Plates 
Having a Hole—Frank Baron and Edward W 
Larson, Jr., presented by Mr. Baron. 

Strength Properties of Rolled Aluminum Alloys 
Under Various Combinations of Alternating 
and Mean Axial Fatigue Stresses—B. J. Lazan 
and A. A. Blatherwick, presented by Mr. 
Lazan. 


(Papers on Fatigue Continued in Twenty-first Session) 


Committee E-4 on Metallography: 

Report presented by L. L. Wyman, chairman, 
and accepted as a report of progress. 
Appended Paper: 


Techniques for Ferrous Electron Metallography 
I. Silica and Plastic Replicas. II. Etchants and 
Etch Depth—W. L. Grube, presented by the 
author. 


5 Issued as separate technical publication ASTM STP 
No. 155. 


SEVENTEENTH SESSION—SYMPOSIUM ON TECHNIQUES 
FOR ELECTRON METALLOGRAPHY® 


(Continued from Thirteenth Session) 
Tuespay, JuNE 30, 8:00 


‘Srssion Co-CuarrMen: G. E. PELLIssier AND L. L. WyMAN- 


Symposium Papers: 


Metal-Shadowing for Contrast Enhancement— 
Comparison of Shadow Metal and Shadow 
Angle—D. M. Teague, presented from manu- 
script by the author. 

Specimen Polishing Techniques for Electron 
Metallography of Steel—W. L. Grube and 
S. R. Rouze, presented from manuscript by 
Mr. Rouze. 

Techniques Which Permit Successive Examina- 
tions of Specific Areas by Electron Micro- 
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scopy—F. A. McLauchlan, presented from 
manuscript by the author. 

Replica Washing Methods—E. F. Fullam, pre- 
sented by the author. 

Determination of Surface Properties for Eutec- 
toid Steel and Iron as Prepared by the Con- 
ventional Metallographic Techniques of 
Abrading, Mechanical Polishing, and Chem- 


SUMMARY OF PROCEEDINGS 


ical Etching—C. F. Tufts, presented from 
manuscript by the author. 

Application of New Etchants for Delineation of 
Fine Structure in Steel—Alired E. Austin, 
presented by the author, ” 

Positive versus Negative Plastic Replicas—C, 
M. Schwartz, presented by the author. 


» 


Porosity Determinations and the Significance of 

Pore Characteristics of Aggregates—D. W. 
s Lewis, W. L. Dolch, and K. B. Woods, pre- 
sented by Mr. Dolch. 

Significance of Tests for Chemical Reactions of 
Aggregates in Concrete—William Lerch, pre- 
sented by the author. 

Significance of Tests on Sulfate Resistance of 
Concrete—Elmo C. Higginson and Omar J. 


Papers: 


EIGHTEENTH SESSION—ON SIGNIFICANCE OF TESTS OF CONCRETE 
Tuespay, June 30, 8:00 p.m. 


Sessron Cuarrman: A. T. 


Glantz, presented from manuscript by Mr. 
Higginson. 

Wear Tests of Concrete—H. L. Kennedy and 
M. E. Prior, presented from manuscript by 
Mr. Kennedy. 

Pulse Velocity Testing of Concrete—W. E. 
Parker, presented from manuscript by T. G. 
Clendenning. 

Evaluation of Curing Compounds for Portland 
Cement Concrete—C. E. Proudley, presented 
from manuscript by the author. 


Committee D-22 on Methods of Atmospheric 
Sampling and Analysis: 


Report presented by L. C. McCabe, chair- 
man, and accepted as a report of progress. 


Papers: 


Properties of Various Filtering Media for At- 
mospheric Dust Sampling—Walter J. Smith 
and Norman F. Suprenant, presented from 
manuscript by Mr. Smith. 

Some Instrumentaton and Analytical Tech- 

niques for the Continuous Evaluation of Air 

Contaminants—Morris Katz and George D. 


NINETEENTH SESSION—ATMOSPHERIC SAMPLING, WATER, 
AND SIMULATED TESTING 
WEpDNESDAY, Juty 1, 9:00 a.m. 
4 


Session Cuarrman: L. C. McCase 


Clayton, presented from manuscript by Mr. 
Katz. 

Variables in Monthly Dust Fall Measurements 
—J. Deane Sensenbaugh and W. C. L. Hem- 
eon, presented by George F. Haines. 

A Comparison of Methods of Testing for Dis- 
solved Oxygen in Waters of High Purity— 
Walter L. Riedel presented from manuscript 
by the author. 

Philosophy of Simulated Service Testing —S. A. 
Gordon, presented from manuscript by the 
author.® 


¢ Published in the ASTM Bu.tetty, No. 193, October, 
1953, p. 27 (TP 159). 
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TWENTIETH SESSION—SYMPOSIUM ON LATERAL PILE LOAD TESTS’ 


1, 9:00 a.m. 


Session CHAIRMAN: A. E, CumMMINGS 


Introduction—A. E. Cummings. Vertical Piles—Lawrence B. Feagin, presented 
Resistance of Long Hollow Piles to Applied by the author. 
Lateral Loads—G. A. McCammon and J. C. Bearing Piles Subjected to Horizontal Loads— 
Ascherman, presented by Mr. Ascherman. L. T. Evans, presented from manuscript by 
Lateral Load Tests on Groups of Battered and Mr. F. J. Converse. 
The Resistance to Lateral Loading of Single 

Piles and of Pile Groups—G. P. Tschebotari- 


7 Issued as separate technical publication ASTM STP 
. 154. ore off, presented by the author. 


No 
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(Symposium Continued in Twenty-third Session) 


PAPERS ON BITUMINOUS WATERPROOFING AND ROOFING MATERIALS® q 


WEDNESDAY, JULY 1, 9:00 a.m. 


At a special technical papers session of Preparation of Bituminous Films by Spinning— 


the meeting of Committee D-8 on Bitum- Lawrence R. Kleinschmidt. 
inous Waterproofing and Roofing Ma- A Method of Preparing Uniform Films of Bi- 
terials, the following three papers were tuminous Films—Sidney H. Greenfeld. 
presented: Effects of Thermal Shock on the Durability of 
Asphalt Coatings Under Accelerated Test— 
Published in the ASTM Bu x, No. 193, Oc : . 
1933, p. 46 TP 178). ‘ Sidney H. Greenfeld. 
6 
TWENTY-FIRST SESSION—FATIGUE 
(Continued from Sixteenth Session) 
g 


WEDNESDAY, JuLy 1, 9:00 a.m. 


Session Co-CuatrrMEN: H. R. NEIFERT AND R. E. PETERSON 


Papers: SAE 4340 Steel—W. J. Trapp and R. T 
An Investigation of the Effects of Overstress on Swartz, presented from manuscript by E. 
the Fatigue Characteristics of Certain J. Ward. 
Wrought Sheet Magnesium Alloys—Joseph Damping, Elasticity, and Fatigue Properties of 
Viglione and Forrest S. Williams, presented Unnotched and Notched N-155 at Room and 
from manuscript by Mr. Williams. Elevated Temperatures—L. J. Demer and 
Investigation of Prot Accelerated Fatigue Test— B. J. Lazan, presented from manuscript by 


E. J. Ward, D. C. Schwartz, and R. T. Mr. Lazan. 
Schwartz, presented from manuscript by Mr. A Random Fatigue Testing Procedure and Ma- 
Ward. chine—A. M. Freudenthal, presented from 


Elevated Temperature Fatigue Properties of manuscript by the author. 


. 
¢ 


TWENTY-SECOND SESSION—REPORT SESSION 


Committee D-16 on Industrial Aromatic 
Hydrocarbons: 


Reported presented from manuscript, in the 
absence of the chairman, by M. D. Huber, and 
accepted as a report of progress. 


Committee D-19 on Industrial Water: 


Report presented, in the absence of the chair- 
man, by M. D. Huber, and the following actions 
taken: 


Accepted as Tentative: v 


Test for Chemical Oxygen Demand ( Dichromate 
Oxygen Demand) of Industrial Waste Water 
(D 1252 - 53 T) 

Test for Residual Chlorine in Industrial Water 
(D 1253 - 53 T) 

Test for Nitrite Ion in Industrial Water (D 1254 
- 53 T) 

Test for Sulfides in Industrial Waste Water 
(D 1255 - 53 T) 

Scheme for Analysis of Industrial Water (D 1256 
- 53 T) 


Accepted as Tentative, Revisions in: 


Test for Hardness in Industrial Water (D 1126 
- 50 T) 


Adopted as Standard, Revisions in: 


Definitions of Terms Relating to Industrial 
Water (D 1129 - 51) 


SUMMARY OF PROCEEDINGS 


WeEpneEspDAy, Jury 1, 11:30 a.m. 


Session CHarRMAN: R. C. ApAMs 


Accepted for Publication as Information Only: 


Test for Odor of Industrial Waste Water 

Method for Determination of pH of Industrial 
Waste Water 

Test for Residue on Evaporation of Filtered 
Industrial Waste Water 


Committee E-11 on Quality Control of Ma- 
terials: 
Report presented, in the absence of the chair- 


man, by M. L. Huber, and accepted as a report 
of progress. 


Committee E-12 on Appearance: 


Report presented, in the absence of the chair- 
man, by M. D. Huber, and the following action 
taken: 


Accepted as Tentative: 


Test for 45-deg, 0-deg Directional Reflectance 
of Opaque Specimens by Filter Photometry 
(E 98 — 53 T) (This test has been developed in 
cooperation with Committees C-22, D-1, and 
D-6.) 


Committee E-13 on Absorption Spectros- 
copy: 
Report presented by E. J. Rosenbaum, chair- 
man, and accepted as a report of progress. 
Committee E-14 on Mass Spectrometry: 


Report presented, in the absence of the chair- 
man, by M. D. Huber, and accepted as a report 
of progress. 


Sess1on CHAIRMAN: L. E. GREGG 


The Lateral Load Capacity of Timber Pile 
Groups—J. O’Halloran, presented from manu- 
script by R. F. Legget. 

Lateral Load Tests on Vertical Fixed-Head and 

Free-Head Piles—S. M. Gleser, presented by 


(Continued from Twentieth Session) 
WepneEspay, Jury 1, 2:00 p.m. 


the author. 
Lateral Load Tests on Piles for Design Informa- 

tion—A. A Wagner, presented from manu- 

scipt by the author. 
Summary—A. E. Cummings. 
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Papers: 


Some Effects of the Grading of Sand on Masonry 
Mortar—C. C. Connor, presented by the 
author. 

Thermal Expansion Tests on Aggregates, Neat 
Cements and Concretes—Leonard J. Mitchell, 
presented by H. S. Meissner. 

Prediction of Concrete Durability from Thermal 
Tests of Aggregate—Elmo C. Higginson and 
Donald G. Kretsinger, presented from manu- 
script by Mr. Higginson. 

Determination of Compressive Strength of Con- 
crete by Using Sonic Properties—Clyde E. 
Kesler and Yoshiro Higuchi, presented by 
Mr. Kesler. 

Comparison of Dynamic Methods of Testing 
Concretes Subjected to Freezing and Thaw- 
ing—G. M. Batchelder and D. W. Lewis, 
presented by Mr. Lewis. 

An Investigation of Design Methods for As- 
phaltic Paving Mixtures—B. A. Vallerga, and 
Ernest Zube, presented from manuscript by 
Mr. Vailerga. 


Committee C-7 on Lime: 


Report presented by J. A. Murray, chair- 
man, and the following action taken: 


Accepted as Tentative, Revisions in: 


Methods of Physical Testing of Quicklime and 
Hydrated Lime (C 110 - 49) 


Committee C-9 on Concrete and Concrete 
Aggregates: 
Report presented by Fred Hubbard, vice- 

chairman, in the absence of the chairman, and 

the following actions taken: 


Accepted as Tentalive: 

Test for Resistance of Concrete Specimens to 
Slow Freezing in Air and Thawing in Water 
(C 310 - 53 T) 

Test for Fly Ash as an Admixture for Portland- 
Cement Concrete (C 311 - 53 T) 

Spec. for Liquid Membrane-Forming Com- 
pounds for Curing Concrete (C 309 - 53 T) 

Accepied as Tentative, Revisions in: 

Test for Water Retention Efficiency of Liquid 
Membrane-Forming Compounds and Im- 
permeable Sheet Materials for Curing Con- 
crete (C 156 - 52 T) 

Test for Bleeding of Concrete (C 232 - 49 T) 

Test for Coal and Lignite in Sand (C 123 — 44) 
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TWENTY-FOURTH SESSION—CONCRETE AND REPORT SESSION 
WEDNESDAY, JuLy 1, 2:00 p.m. 


SESSION CHAIRMAN: STANTON WALKER 


Adopled as Standard: 


Spec. for Waterproof Paper for Curing Concrete 
(C 171-49 T) 


Adopted as Standard, Revisions in: 


Test for Abrasion of Graded Coarse Aggregate 
by Use of the Deval Machine (C 289 — 46) 


Sanford E. Thompson Award 

The Eleventh Sanford E. Thompson Award 
was made to Mrs. Katharine Mather, Chief, Pe- 
trography Section, Concrete Research Division, 
Waterways Experiment Station, Corps of Engi- 
neers, U.S. Army, Jackson, Miss., for her paper 
on “Applications of Light Microscopy in Con- 
crete Research,’’ presented at the 1952 Annual 
Meeting and published in the Symposium on 
Light Microscopy. 


Committee C-11 on Gypsum: 


Report presented by H. F. Gardner, vice- 
chairman, in the absence of the chairman, and 
accepted as a report of progress. 


Committee C-12 on Mortars for 
Masonry: 


Report presented by J. M. Hardesty, chair- 
man, and accepted as a report of progress. 


Committee D-1 on Paint, Varnish, Lacquer 
and Related Products: 


Report presented by W. T. Pearce, chairman. 
The report as preprinted indicated revisions of 
5 standards for immediate adoption: namely, 
D 523-51, D 605-42, D 154-50, D 333 - 40 
and D 268 — 49. In making his presentation, Dr. 
Pearce reported that this was in error and that 
the revision of only one standard was being 
recommended for immediate adoption: namely, 
D 268 - 49. The revisions of the other 4 stand- 
ards were recommended for publication as tenta- 
tive. The following is a record of the actions 
taken: 


Accepted as Tentative: 
Spec. for High-Gravity Glycerine (D 1257 - 53 
T) 
Methods of Sampling and Testing High-Gravity 
Glycerine (D 1258 — 53 T) 
Test for Nonvolatile Content of Resin Solutions 
(D 1259 - 53 T) 
Method for Calculating Small Color Differences 
. from Data Obtained on the Hunter Multi- 
purpose Reflectometer (D 1260 - 53 T) 


Unit 


SUMMARY OF 


Accepted as Tentative, Revisions in: 

Spec. for Dehydrated Castor Oil (D 961 - 51 T) 

Methods of Testing Varnishes (D 154 - 52 T) 

Test for 60-deg Specular Gloss (D 523 - 51) 

Spec. for Magnesium Silicate Pigment (D 605 - 
42) 

Methods of Testing Varnishes (D 154 - 50) 

Methods of Testing Nitrocellulose Clear Lac- 
quers and Lacquer Enamels (D 333 — 40) 


Adopied as Standard: 

Methods of Testing Drying Oils (D 555 — 51 T) 

Test for Roundness of Glass Spheres (D 1155 - 
51 T) 

Test for Heptane Number of Hydrocarbon Sol- 
vents (D 1132 - 50 T) 

Test for Nitrocellulose Diluting Power of Hy- 
drocarbon Solvents (D 1134-50 T) 

Methods of Testing Varnishes (D 154-52 T) 
(Sections 3 to 20 inclusive, covering Drying 
Time Test and Rosin-Pentaerythrital Ester 
Flexibility Test). Methods for Producing 
Films of Uniform Thickness of Paint, Varnish, 
Lacquer and Related Products on Test Pan- 
els (D 823 - 51 T) 

Method for Measurement of Dry Film Thickness 
of Nonmagnetic Coatings of Paint, Varnish, 
Lacquer, and Related Products Applied on a 
Magnetic Base (D 1186-51 T) 


Adopted as Standard, Revisions in: 

Methods of Sampling and Testing Lacquer Sol- 
vents and Diluents (D 268 - 49) 

Withdrawal of Standard: 

Spec. for Perilla Oil, Raw or Refined (D 125 — 48) 

Accepted for Publication as Information only: 


Test for Viscosity Reduction Power of Hydro- 
carbon Solvents 
T’ for Flash Point by the Tag Open-Cup 


PROCEEDINGS 


Committee D-6 on Paper and Paper Prod- 
ucts: 


Report presented by W. R. Willets, chairman, 
and the following actions taken: 


Accepled as Tentative: 


Test for Dimensional Changes of Paper with 
Changes in Moisture Conditions (D 1270 - 53 
T) 


Accepted as Tentative, Revisions in: 


Test for Moisture in Paper, Paperboard, and 
Paperboard and Fiberboard Containers (D 644 
44) 


Adopted as Standard: 


Test for Water-Soluble Matter in Paper (D 1162 

51 T) 

Test for Lint of Paper Towels (D 1163 - 51 T) 
Test for Ring Crush of Paperboard (D 1164 - 

51 T) 

The committee withdrew from the report as 
preprinted the recommendation for adoption as 
standard of the Tentative Methods of Test for 
Water Vapor Permeability of Paper and Paper- 
board (D 988 — 51 T). 


Committee D-8 on Bituminous Waterproof- 
ing and Roofing Materials: 


Report presented by H. R. Snoke, chairman, 
and the following actions taken: 


Accepied as Tentative, Revisions in: 


Spec. for Asphalt Roofing Surfaced with Mineral 
Granules (D 249 - 50 T) 

Spec. for Asphalt Roofing Surfaced with Pow- 
dered Talc or Mica (D 224 - 52) 

Spec. for Wide Selvage Asphalt Roofing Surfaced 
with Mineral Granules (D 371 - 51) 


> 


TWENTY-FIFTH SESSION—MARBURG LECTURE, DUDLEY MEDAL, AND AWARDS 


@ 


Edgar Marburg Lecture: 


President Maxwell presented Dr. 
Beard, the newly elected President of the 
Society, who introduced Dr. Frederick 
D. Rossini as the Twenty-seventh Mar- 
burg Lecturer. He made mention of his 


WEDNEsDAY, 1, 4:30 p.m. 


SESSION CHAIRMAN: PRESIDENT H. L. MAXWELL 
Co-CHAIRMAN: VICE-PRESIDENT L. C. BEARD Pes 


many accomplishments in the field of 
thermo-chemistry, chemical thermody- 
namics, hydrocarbons, and petroleum. 
Dr. Rossini, who is Silliman Professor 
and Head of the Department of Chem- 
istry and Director of the American Pe- 
troleum Institute Research Laboratory 
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at the Carnegie Institute of Technology 
presented a lecture entitled “An Excur- 
sion in Petroleum Chemistry.” Outstand- 
ing developments in our knowledge of 
petroleum were described, and the inter- 
esting story of fundamental research in 
petroleum chemistry as performed in the 
laboratories of petroleum companies was 
outlined. Dr. Rossini discussed projects 
supported cooperatively by the petro- 
leum industry through the American 
Petroleum Institute, and in particular 
reviewed API Research Projects covering 
the composition of crude petroleum and 
the researches conducted to make avail- 
able.to the laboratories of the petroleum 
industry and to the technical work all of 
the known data on hydrocarbons and 
related compounds. This extensive lab- 
oratory work involved searching the 
entire scientific literature appraising and 
arranging data in a useful form, and 
distributing these data both on a na- 
tional and international scale. 

President Maxwell expressed appre- 
ciation to Dr. Rossini for his very inter- 
esting lecture on a most important 
subject and presented to him on behalf 
of the Society the Edgar Marburg Lec- 
ture Certificate. 


Charles B. Dudley Medal: 


The Twenty-fifth Award of the Charles 
B. Dudley Medal was made to E. A. 
Davis and M. J. Manjoine, Research 
Laboratories, Westinghouse Electric 
Corp., East Pittsburgh, Pa., for their 


paper on “Effect of Notch Geometry on 
Rupture Strength at Elevated Tempera- 
tures,” presented at the 1952 Annual 
Meeting and published in the Symposium 
on Effects of Notches and Metallurgical 
Changes on Strength and Ductility of 


Metals at Elevated Temperatures, - 


Richard L. Templin Award: -* 


The Eighth Richard L. Templin Award 
was made to W. N. Findley, Research 
Associate Professor, and P. G. Jones, 
Associate Professor, Department of 
Theoretical and Applied Mechanics, 
University of Illinois; W. I. Mitchell, 
Assistant Professor of Civil Engineering, 
South Dakota School of Mines; and R. 
L. Sutherland, Assistant Professor of 
Mechanical Engineering, University of 
Iowa, for their paper on “Fatigue Ma- 
chines for Low Temperatures and for 
Miniature Specimens,” presented at the 
1952 Annual Meeting and published in 
ASTM Buttetin, No. 184, September, 


1952. 
| 


The Fourth Sam Tour Award was 
made to J. R. McDowell, Mechanics 
Division, Research Laboratories, West- 
inghouse Electric Corp., East Pittsburgh, 
Pa., for his paper on “‘ Fretting Corrosion 
Tendencies of Several Combinations of 
Materials,” presented at the 1952 Annual 
Meeting and published in the Symposium 
on Fretting Corrosion. 


Sam Tour Award: 


TWENTY-SIXTH SESSION—SYMPOSIUM ON PORCELAIN ENAMELS AND CERAMIC 


COATINGS AS ENGINEERING MATERIALS? 


TuurspAy, Juty 2, 9:00 a.m. 


SEssIon CHAIRMAN: Dwicut G. BENNETT 
Accepted as Tentative: 


Test for Adherence of Porcelain Enamel and Ce- 
ramic Coatings to Sheet Metal (C 313 - 53 
®Issued as separate technical publication ASTM 


Committee C-22 on Porcelain Enamel: 


Report presented by W. N. Harrison, chair- 
man, and the following actions taken: 


! 
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Test for Warpage of Porcelain Enameled Flat- 
ware (C 314 - 53 T) 


Adopted as Standard: 


Test for Acid Resistance of Porcelain Enamels 
(Room Temperature Test) (C 282 - 51 T) 


Symposium Papers: 


Introduction—Dwight G. Bennett. 

Some Examples of the Functional Use of Porce- 
lain Enamel and Ceramic Coatings—G. H. 
Spencer-Strong, presented from manuscript by 
the author. 

Resistance of Porcelain Enamels to Weathering 
—Dwight G. Moore, presented by the author. 

The Chemical Resistance of Glass Fused to Steel 


SUMMARY OF PROCEEDINGS © 


(Symposium Continued in Twenty-eighth Session) 


—O. J. Britton and E. A. Sanford, presented 
by Mr. Britton. 

Acid Resisting Properties of Porcelain Enamels 
—Harold C, Wilson, presented by the author. 

Requirements for and Expected Benefits from 
the Application of Coatings to High Tempera- 
ture Components of a Jet Engine—Allen C. 
Francisco and G. M. Ault, presented from 
manuscript by Mr. Ault. 

High Temperature Ceramic Coatings as Applied 
to Aircraft Power Plants—B. L. Paris, pre- 
sented by D. G. Bennett. 

The Industrial Processing of High Temperature 
Ceramic Coatings—J. H. Terry, presented 
from manuscript by the author. 

A Laboratory Evaluation of Ceramic Coatings 
for High Temperature Applications—Sara J. 
Ketcham, presented by the author. 


Sess1on CHAIRMAN: G. M. KLINE 


Committee D-20 on Plastics: 


Report presented by R. K. Witt, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Nylon Injection Molding and Extrusion 
Compounds (D 789 - 44 T) 

Definitions of Terms Relating to Plastics (D 883 
-52 T) 

Spec. for Vinyl Chloride-Acetate Resin Plastic 
Sheets (D 708 - 50) 


Adopted as Standard: 


Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 — 51 
T), with the addition of the following sentence 
to Note 2 in Section 4: “Shorter conditioning 
times may be used for thin specimens provided 
equilibrium is substantially obtained.” (Jointly 
with Committee D-9 on Electrical Insulating 
Materials) 


Committee D-9 on Electrical Insulating 
Materials: 


Report presented by A. H. Scott, chairman, 
and the following actions taken: 
Accepted as Tentative: 


Test for Corrosive Sulfur in Electrical Insulating 
Oils (D 1275 - 53 T) 


TWENTY-SEVENTH SESSION—PLASTICS 


Tuurspay, Jury 2, 2:00 p.m. 


Accepted as Tentative, Revisions in: 


-Methods of Testing Pressure-Sensitive Adhesive 
Tapes Used for Electrical Insulation (D 1000 
- 48 T) 

Spec. for Natural Muscovite Mica Based on 
Visual Quality (D 351-52 T): with the fol- 
lowing further revisions: 

Section 4 (a).—Include an additional jefi- 
nition: “Crystallographic Discloloration ap- 
pears as bands of lighter or darker shades of 
the basic color of the block of mica. Such bands 
generally are parallel to the crystallographic 
faces of the crystal from which the block was 
separated ” 

Section 5 (a) —Substitute the following new 
description for the procedure for grading full 
trimmed mica. 

“For full trimmed mica, all mica blocks, 
thins, and condenser films shall be fully 
trimmed to remove all cracks, holes, reeves and 
crossgrains according to the quality desired. 
Trimming should follow the natural contour 
of mica. As far as possible, all marginal cracks 
should be removed by recutting. The total 
area of each piece for Grade 4 and larger shall 
not be more than 1.54 times the area of the 
largest usable rectangle or rectangular yield 
of 65 per cent. 

“For grades 5 and smaller the total area of 
each piece shall not be more than 2 times the 
area of the largest usable rectangle or rec- 

tangular yield of 50 per cent. 
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“The usable area is the area of maximum 
rectangle obtainable. 

“Tf limitation as to the size, number and 
frequency of ‘V’ cuts is desired, it shall be 
subject to agreement between purchaser and 
vendor.” 

Table I.—Change the dimension of one size 
for Grade A-1 (Special) from ‘‘4” to “34 in.” 

Table II.—Add a new footnote h to the 
heading “Clear Uniform Color” to read as 
follows: 

“Crystallographic discoloration is permitted 
to a limited extent in V-4 Good Stained qual- 
ity. It is not permitted in qualities higher than 
V-4 Good Stained. In qualities below V-4 Good 
Stained it is permitted without limit.” 

Add an additional classification “V-11, 
Densely Stained,’’ and provide check marks 
under all columns except columns headed 
“Black Stains (Mineral) g’’ and “Red Stains 
(Mineral) e’’ under which place X marks. 

Section 9 (a).—Add a new visual quality 
designation to the Table as follows: 


ASTM Visual Quality C ial Desig 
V-11 Densely Stained 


Appendix I.—Add the following verbal de- 
scription of visual quality: “V-11, Densely 
Stained.—Soft and may contain all heavy 
stains and inclusions and other defects, heavy 
waves, cracks and buckles.” 

Methods of Sampling and Testing Untreated 
Paper Used for Electrical Insulation (D 202 - 
52 T) 

Spec. for Flexible Treated Cotton and Rayon 
Sleeving Used in Electrical Insulation (D 372 - 
47 T) 

Methods of Testing Electrical Insulating Oils 
(D 117 - 50 T) e 

Methods of Testing Askarels (D 901 - 52 T) 

Methods of Testing Flexible Varnished Tubing 
Used for Electrical Insulation (D 350 — 48) 


Adopted as Standard: 


Methods of Testing Varnished Glass Fabrics 
and Varnished Glass Fabric Tapes Used for 
Electrical Insulation (D902-52T), as re- 
vised. The report as preprinted included a re- 
vision of Section 27 by the inclusion of a new 
Paragraph (f). This paragraph was withdrawn 
by the committee and a revision of Section 28 
was proposed instead to read as follows: 

28. The report shall include the following: 

(1) The test method used for determining 
the dielectric strength, 

(2) The average, maximum and minimum 
dielectric breakdowns in volts for each 
test 

(3) The average, maximum and minimum 
thicknesses of the sample as determined 
in Section 11, and 

(4) The average dielectric strength in volts 
per mil obtained by dividing the average 
dielectric breakdown in (2) by the av- 
erage thickness in (3). 

Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618-51 
T) with addition of a sentence in Note under 
Section 4 as indicated under Committee D-20 
on Plastics. 


Papers: 


Determination of Elastic Constants of Ortho- 
tropic Materials with Special Reference to 
Laminates—R. K. Witt, W. H. Hoppmann 
II, and R. S. Buxbaum, presented by Mr. 
Hoppmann."° 

Three Years Outdoor Weather Aging of Plastics 
Under Various Climatological Conditions—S. 
E. Yustein, R. R. Winans, and H. J. Stark, 
presented by Mr. Yustein." 

10 Published in the ASTM Buttettn, No. 194, Decem- 

ber, 1953, p. 53 (TP 197) 


it Published in ASTM Buttetin, No. 196, February, 
1954, p. 29 (TP 37). 


TWENTY-EIGHTH SESSION—SYMPOSIUM ON PORCELAIN ENAMELS AND CERAMIC 


Abrasion Resistance of Various Types of Porce- 


lain Enamel—A. V. Sharon, presented from 


manuscript by the author. 


(Continued from Twenty-sixth Session) 
Tuurspay, Juty 2, 2:30 p.m. 


SEesston CHAIRMAN: W. N. HARRISON ; 


COATINGS AS ENGINEERING MATERIALS 


The Resistance of Porcelain Enamels to Surface 
Abrasion as Determined by the PEI Test.— 
John T. Roberts, presented from manuscript 
by the author. 
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Torsion Testing as an Aid to the Porcelain 
Enamel Industry—Earl Hoover, presented 
from manuscript by the author. 

The Strengthening Effect of Porcelain Enamel 
on Sheet Iron as Indicated by Bending Tests— 
E. E. Bryant, presented from manuscript by 
the author. 


PROCEEDINGS 

Tension Tests of Porcelain Enameled Steels—W. 
A. Deringer, presented by the author. 

The Effect of Temperature on the Electrical 
Resistivity of Several Silicone and Ceramic- 
Type Coatings—Simon W. Strauss, Lloyd E. 
Richards, and D. G, Moore, presented from 
manuscript by Mr. Strauss. 

In Retrospect and in Prospect—Summary—W. 


Introduction—R. K. Bernhard. 

Elasticity and Damping of Oscillating Bodies on 
the Soil—Ing. H. Lorenz, presented from 
manuscript by R. K. Bernhard. 

The Pressures Generated in Soil by Compaction 
Equipment—A. C. Whiffin, presented by R. 
K. Bernhard. 


TuurspAay, Juty 2, 2:30 p.m. 


SEssIon CHAIRMAN: F. J. CONVERSE 


TWENTY-NINTH SESSION—SYMPOSIUM ON DYNAMIC TESTING OF SOILS” 


Loose Sands—Their Compaction by Vibroflota- 
tion—Elio D’Appolonia, presented from man- 
uscript by the author. 

Performance Records of Engine Foundations— 
Gregory P. Tschebotarioff, presented by the 
author. 

Makromeritic Liquids—Hans F. Winterkorn, 
presented from manuscript by the author. 


@ 


Pilot Studies on Soil Dynamics—R. K. Bernhard 
and J. Finelli, presented from manuscript by 
Mr. Finelli. 

Compaction of Sand at Resonant Frequency— 
F. J. Converse, presented+by the author. 

The Elastic Theory of Soil Dynamics—Patrick 
M. Quinlan, presented from manuscript by 
the author. 


12 [ssued as separate technical publication ASTM STP 
No. 156. 


Tuurspay, Jury 2, 8:00 p.m. 


Session CHarrRMAN: R. K. BERNHARD 


5 THIRTIETH SESSION—SYMPOSIUM ON DYNAMIC TESTING OF SOILS” 


(Continued from Twenty-ninth Session) 


A Dynamic Analogy for Foundation-Soil Sys- 
tems—Adrian Pauw, presented from manu- 
script by the author. 

A Discontinuous Model for the Problems of Soil 
Dynamics—J. J. Slade, Jr., presented from 
manuscript by the author. 

Vibrations in Semi-Infinite Solids Due to Peri- 
odic Surface Loading—Tse Yung Sung, pre- 
sented from manuscript by the author. 


4 
t 

*a 

(Symposium Coninued in Thirtieth Session) 

2. 


Advisory Committee on Corrosion: 


Report presented by J. S. Pettibone, secre- 
tary, in the absence of the chairman, and ac- 
cepted as a report of progress. 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by A. P. Jahn, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Zinc-Coated (Galvanized) Iron or Steel 
Sheets, Coils and Cut Lengths (A 93 - 52 T) 
Spec. for Long Terne Iron or Steel Sheets, Coils 

and Cut Lengths (A 308 - 50 T) 

Adopted as Standard, Revisions in: 

Test for Weight of Coating on Zinc-Coated Iron 
or Steel Articles (A 90 - 39) 

Spec. for Zinc (Hot-Galvanized) Coatings on 
Structural Steel Shapes, Plates and Bars, and 
Their Products (A 123 - 47) 

Spec. for Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware (A 153 - 49) 


Withdrawal of Tentative: 


Spec. for Lead-Alloy Coating on Iron or Steel 
Hardware (A 267 — 46 T) 


Appended Paper: 


Some Observations on the Preece Test and Strip- 
ping Tests for Zinc Coated Wires—G. A. 
Ellinger, T. H. Orem, and W. J. Pauli, pre- 
sented by Mr. Ellinger. 


Committee A-9 on Ferro-Alloys: 


Report presented, in the absence of the chair- 
man, by H. B. Myers, and the following action 
taken: 

Accepted as Tentative, Revisions in: 


Spec. for Ferromanganese (A 99 - 50) 
The standard was reverted to tentative in its 
revised form. 
Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys: 


Report presented, in the absence of the chair- 


man, by J. S. Pettibone, and the following ac- 


tions taken. 


Firry-stxtH ANNUAL MEETING 


THIRTY-FIRST SESSION—CORROSION 
TuurspDAy, Juty 2, 8:00 p.m. 


Session CHarrMANn: I. V. WILLIAMS 


Accepted as Tentative: 


Spec. for Stainless Steel Wire Strand (A 368 - 
53 T) 


Adopted as Standards, Revision in: 


Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 - 47) 
(Jointly with Committee A-1 on Steel) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 271 - 
47): Covering (1) adoption as standard of 
present-tentative revision of Section 12(a); 
and (2) immediate adoption of revision of 
Table II. (Jointly with Committee A-1 on 
Steel) 


Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys: 


Report presented by A. W. Tracy, secretary, 
in the absence of the chairman, and accepted as 
a report of progress. 


Appendix: 


Progress Report of Sub-Group of Committee B-3, 
Subcommittee VII, on corrosiveness of Various 
Atmospheric Test Sites as Measured by Speci- 
mens of Steel and of Zinc—C. P. Larrabee 
and O. B. Ellis, presented from manuscript by 
Mr. Larrabee. 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented by W. Babington, chair- 
man. The report included a recommendation for 
the immediate revision of Standard Specifica- 
tions for Zinc-Base Alloy Die Castings (B 86 - 
52) which would provide for an increased per- 
missible copper content in Alloy XXIII. Since 
this proposed revision had not been published 
previously as tentative, it required a nine-tenths 
vote for approval. The recommendation failed to 
receive the necessary nine-tenths vote. 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chairman. 
and the following actions taken: 
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Accepted as Tentative, Revisions in: 


Spec. for Magnesium-Base Alloy Sand Castings 
(B 80 - 51 T) 
Spec. for Magnesium-Base Alloy Bars, Rods, and 
Shapes (B 107 - 49 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate for Pressure Vessel Applications 
(B 178 - 52 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate (B 209 - 52 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes (B 210 - 52 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods and Wire (B 211 - 52 T) 

Spec. for Magnesium-Base Alloy Extruded 
Round Tubes (B 217 - 49 T) 

Spec. for Aluminum and Aluminum-Alloy Ex- 
truded Bars, Rods, and Shapes (B 221 - 52 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes for Condensers and Heat exchangers 
(B 234 - 50 T) 

Spec. for Aluminum-Alloy Extruded Tubes 
(B 235 - 52 T) 

Spec. for Aluminum-Alloy Pipe (B 241 — 50 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods, and Shapes for Pressure Vessel Applica- 
tions (B 273 - 52 T) 

Spec. for Aluminum and Aluminum-Alloy Pipe 
and Tube for Pressure Vessel Applications 
(B 274-52 T) 

Recommended Practice for Codification of Light 
Metals and Alloys, Cast and Wrought (B 275 - 
52 T) 

The committee withdrew from the report as 
preprinted the recommendation for the revision 
in Table I of the chromium range for alloy GS11A 
in the following specifications: B 178, B 209, B 
210, B 211, B 221, B 235, B 241, B 273 and B 
274. 


Adopted as Standard: 


Spec. for Aluminum-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 - 51 T) 


Committee E-1 on Methods of Testing: 


Report presented by P. J. Smith, secretary, 
in the absence of the chairman, and the following 
actions taken: 


Accepted as Tentative: 

Test for Measuring Water Vapor Transmission 
of Materials in Sheet Form (E 96 - 53 T) 

Accepied as Tentative, Revisions in: 


Spec. for ASTM Thermometers (E 1 - 52) (Ad- 
dition of three Kinematic Viscosity Thermom- 
eters, 72F, 73F, and 74F) 


Adopted as Standard: 


Spec. for ASTM Thermometers (E 1 - 52) (The 
18 specifications for ASTM Precision Ther- 
mometers 62C to 70C and 62F to 70F now 
published as tentative in Table I of Specifica- 
tions E 1.) 


Adopted as Standard, Revisions in: 

Spec. for ASTM Thermometers (E 1-52) for 
immediate adoption 

Committee E-7 on Non-Destructive Test- 
ing: 
Report presented by J. H. Bly, chairman, 

and the following actions taken: 


Accepted as Tentative: 

Reference Radiographs of Aluminum and Mag- 
nesium Castings (E 98 - 53 T) 

Papers: 


The Corrosion of Beryllium Copper Strip in Sea 
Water and Marine Atmospheres—J. T. Rich- 
ards, presented by the author. 


Appendix to B-7 Report: 


Resistance of Light Metals to Atmospheric Ex- 
presented by the 


posure—L. H. 


author. 


Adam, 


Papers: 


by the author." 


3 Published in ASTM Buttetin, No. 196, February, 
1954, p. 43 (TP 51). 


THIRTY-SECOND SESSION—STEEL 

4 (Continued from Fourteenth Session) 
Fripay, Jury 3, 9:00 a.m. 

SESSION CHAIRMAN: J. R. TRIMBLE 


Tension Impact Testing of Sheet Metals—Carl 
W. Muhlenbruch, presented from manuscript 


The Measurement of Directional Strength in 
Straight and Cross-Rolled Strip by the Navy 
Tear Test—Helen Hoover, presented by the 
author. 


A Comparison of Impact Testing Machines in 
the 20-30 ft-lb Range—R. L. Rickett, W. B. 
Seens, R. Roelofis, R. W. Vanderbeck, and C. 
Daniel, presented from manuscript by Mr. 
Rickett. 

Delayed Yielding in Annealed Low-Carbon Steel 
Under Compression Impact—J. E. Johnson, 
LC. S. Wood, and D. S. Clark, presented by 
by Mr. Johnson. 


Committee A-1 on Steel: 


Report presented by N. L. Mochel, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Methods and Definitions for the Mechanical 
Testing of Steel Products (A 370-53 T) 

Spec. for Cold-Rolled Carbon Steel Deep-Draw- 
ing Sheet, Special Killed for Miscellaneous 
Drawn or Severely Formed Parts (A 365 - 
53 T) 

Spec. for Cold-Rolled Carbon Steel Sheet, Com- 
mercial Quality (A 366 — 53 T) 


Accepted as Tentative, Revisions in: 


Spec. for Steel for Bridges and Buildings (A 7 - 
52 T) 

Spec. for Quenched Carbon-Steel Joint Bars 
(A 49-51 T) 

Spec. for Structural Steel for Ships (A 131 - 
52 T) 

Spec. for Low-Carbon and Carbon-Molybdenum 
Steel Still Tubes for Refinery Service (A 161 - 
52 T) 

Spec. for Electric-Resistance Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178 - 51 T) 

Spec. for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service (A 182 - 
52 aT) 

Spec. for Heat-Treated Carbon and Alloy-Steel 
Track Bolts and Nuts (A 183 - 51 T) 

Spec. for Alloy-Steel Bolting Materials for High- 
Temperature Service (A 193 - 52 T) 

Spec. for Seamless Intermediate Alloy-Steel Still 
Tubes for Refinery Service (A 200 — 52 T) 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for High-Temperature Service 
(A 216 - 47 T) 

Spec. for Alloy Steel Castings for Pressure Con- 
taining Parts Suitable for High-Temperature 
Service (A 217 - 49 T) 
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Spec. for Electric Resistance-Welded Steel Boiler 
and Superheater Tubes for High-Pressure 
Service (A 226-51 T) 

Spec. for Welded Austenitic Stainless Steel 
Boiler, Superheater, Heat Exchanger and Con- 
denser Tubes (A 249 - 52 T) 

Spec. for Electric-Resistance-Welded Carbon 
Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 51 T) 

Spec. for Steel Plates for Pressure Vessels for 
Service at Low-Temperature (A 300 - 52 T) 
Spec. for Minimum Requirements for the De- 
formation of Deformed Steel Bars for Con- 

crete Reinforcement (A 305 - 50 T) 

Spec. for Steel Machine Bolts and Nuts and Tap 
Bolts (A 307 — 52 T) 

Spec. for Alloy-Steel Bolting Materials for Low- 
Temperature Service (A 320 — 52 T) 

Spec. for Quenched-and-Tempered Alloy-Steel 
Bolts and Studs with Suitable Nuts (A 354- 
52 T) 

Spec. for Welded Steel Wire Fabric for Concrete 
Reinforcement (A 185 — 37) 


Adopted as Standard: 


Spec. for Electric-Fusion (Arc)-Welded Steel 
Plate Pipe (Sizes 16 in. and over) (A 134- 
51 T) 

Spec. for Electric-Fusion (Arc)-Welded Steel 
Pipe (Sizes 4 in. and over) (A 139 - 51 T) 

Spec. for Open-Hearth Carbon-Steel Rails (A 1 - 
49 T) 


Adopted as Standard, Revisions in: , 


Spec. for High-Carbon Steel Joint Bars (A 5- 
48) 


Spec. for Carbon and Alloy-Steel Nuts for Bolts 
for High-Pressure and High-Temperature Ser- 
vice (A 194 - 51) 

The committee withdrew from the report as 
preprinted the revision of Specifications A 194 
relating to Section 9 (a). 

Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 — 47) 
(Jointly with Committee A 10) 

Spec. for Seamless Austenitic Chromium-Nickel | 
Steel Still Tubes for Refinery Service (A 271 - 
52) covering (1) adoption as standard of pres- 
ent tentative revision of Section 12(a), and (2) 
immediate adoption of revision of Table II. 
(Jointly with Committee A 10). 
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Committee D-12 on Soaps and Other De- 
tergents: 


: a w SUMMARY OF PROCEEDINGS 


THIRTY-THIRD SESSION—REPORT SESSION 


Fripay, Jury 3, 11:30 a.m. 


Report presented, in the absence of the chair- 
man, by P. J. Smith, and the following actions 
taken: 


Accepted as Tentative: 


Test for Rinsing Properties of Metal Cleaners 
(D 1281 - 53 T) 

Test for Buffering Action of Metal Cleaners 
(D 1279 - 53 T) 

Test for Total Immersion Corrosion Test for 
Soak Tank Metal Cleaners (D 1280 — 53 T) 
Test for Analysis of Sodium Bicarbonate 
(D 501 - 53 T) “reeled 


Accepted as Tentative, Revisions in: 
Spec. for Milled Toilet Soap (D 455 - 48) 


Adopted as Standard: 


Spec. for Chip or Granular Soap for Low-Tem- 
perature Washing (Low and Medium Titer) 
(D 1111 - 51 T) 

Spec. for Solid Soap for Low-Temperature Wash- 
ing (Low and Medium Titer) (D 1112 - 51 T) 

Test for Foaming Properties of Surface-Active 
Agents (D 1173 - 51 T) 


Accepted for Publication as Information Only: 


Method of Aerated Total Immersion Corrosion 
Test for Metal Cleaners 


Committee D-13 on Textile Materials: 


Report presented by W. D. Appel, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Average Fiber Diameter of Wool Tops 
by Porous Plug Tester (D 1282 - 53 T) 

Test for Alkali Solubility of Wool (D 1283 - 
53 T) 

Test for Relaxation and Felting Shrinkage in 
Laundering of Stabilized Knit Wool Fabrics 
(D 1284 — 53 T) 

Testing and Tolerances for Yarns Containing 
Wool (D 1285 - 53 T) 


Accepted as Tentative, Revisions in: 


Definitions of Terms Relating to Textile Ma- 
terials (D 123 - 52 T) 


Session Co-CHAIRMEN: Past PresipeENtT K. G. MACKENZIE AND A. E. MILLER 


Spec. and Methods of Test for Fineness of Wool 
Tops (D 472 - 50 T) 

Methods of Testing and Tolerances for Rayon 
Tire Cord (D 885 - 46 T) 

Methods of Test for Clean Wool Content of 
Wool in the Grease (D 584 - 52 T) 

Methods of Core Sampling of Wool in Packages 
for Determination of Percentage of Hard 
Scoured Wool Content (D 1060 - 49 T) 

Recommended Practice for Designation of Yarn 
Construction (D 1244 - 52 T) 

General Methods of Testing Woven Fabrics 
(D 39 -— 49) 


Adopted as Standard: 


Definitions of Terms Relating to Textile Ma- 
terials (D 123 - 52 T): Definitions for 21 items 
as set forth in the preprinted report, now ap- 
pearing in Tentative D 123 - 52 T, were rec- 
ommended by the committee for adoption as 
standard. 

Test for Apparent Fluidity of Dispersions of 
Cellulose Fibers (D 539 - 51 T) 

Methods of Testing Bonded Fabrics (D 1117 - 
50 T) 

Methods of Testing Twine (From Bast and Leaf 
Fibers) (D 1233 - 52 T) 


Adopted as Standard, Revisions in: 


Definition of Terms Relating to Textile Ma- 
terials (D 123 - 52) 

Methods of Testing and Tolerances for Certain 
Wool and Part Wool Fabrics (D 462 - 52) 

Methods of Testing Felt (D 461 - 51) 

Spec. for Textile Testing Machines (D 76 — 49) 


Withdrawal of Standard: 

Spec. and Methods of Testing for Osnaburg Ce- 
ment Sacks (D 205 - 39) 

Withdrawal of Tentatives: 


Test for Identification of Finishes on Textiles 
(D 683 - 42 T) 

Spec. and Methods of Test for Woolen Yarns 
(D 403 - 48 T) 

Spec. and Methods of Test for Worsted Yarns 
(D 404 - 48 T) 


Committee D-14 on Adhesives: 


Report presented by Gerald Reinsmith, chair- 
man, and the following actions taken: 
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Accepted as Tentative: ™ Committee D-2 on Petroleum Products and 


Test for Effect of Mold Contamination on Per- 
manence of Adhesive Preparations and Ad- 
hesive Bonds (D 1286 - 53 T) 

Adopted as Standard: 

Test for Blocking Point of Potentially Adhesive 
Layers (D 1146 - 51 T) 

Committee D-17 on Naval Stores: 

Report presented by V. E. Grotlisch, chair- 
man, and the following action taken: 


Adopied as Standard: 


Methods of Testing Rosin Oils (D 1131 - 50 T) 

The committee withdrew from the report as 
preprinted the proposed Tentative Specifications 
for Rosin, and proposed Tentative Specifications 
for Dipentene. 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented by E. J. Kilcawley, chair- 
man, and the following actions taken: 


Withdrawal of Tentatives: 


Spec. for Materials for Stabilized Base Course 
(D 556 - 40 T) (Jointly with Committee D-4) 
Spec. for Materials for Stabilized Surface Course 
(D 557 - 40 T) (Jointly with Committee D-4) 


Committee D-15 on Engine Antifreezes: 


Report presented by H. R Wolf, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for pH of Concentrated oae Antifreezes 
(D 1287 53 T) 


Accepted as Tentative, Revisions in: — 


Spec. for Hydrometer Thermometer Field Tester 


for Engine Antifreezes (D 1124 —- 50 T) 
Test for Ash Content of Concentrated Engine 
Antifreezes (D 1119 - 50 T) 


Adopted as Standard: 


Test for Boiling Point of Engine Antifreezes 
(D 1120 - 51 T) 
Test for Specific Gravity of Concentrated Engine 


Antifreezes by the Hydrometer (D 1122 -. 


50 T) 


Lubricants: 


Report presented by W. T. Gunn, secretary, 
in the absence of the chairman, and the following 
actions taken: 


Accepted as Tentative: 


Test for Effect of Grease on Copper (D 1261 - 
53 T) 

Test for Lead in New and Used Greases 
(D 1262 - 53 T) 

Test for Leakage Tendencies of Automotive 
Wheel Bearing Grease (D 1263 - 53 T) 

Test for Water Washout Characteristics of 
Lubricating Greases (D 1264 - 53 T) 

Method of Sampling Liquefied Petroleum Gases 
(D 1265 - 53 T) 

Test for Sulfur in Petroleum Products and Lique- 
fied Petroleum Gases by the CO2-O2 Lamp 
Method (D 1266 - 53 T) 

Test for Unsaturated Light Hydrocarbons (Sil- 
ver-Mercuric Nitrate Absorption) (D 1268 - 
53 T) 

Test for Vapor Pressure of Liquefied Petroleum 
Gases (D 1267 - 53 T) 

Method for Polarographic Determination of 
Tetraethyllead in Gasoline (D 1269-53 T), 
including a new Note 1 following the Scope to 
read “Note 1.—Another method, D 526-53 
T, Test for Tetraethyllead in Gasoline, is also 
available for this purpose. These two methods 
give equivalent results within their stated 
precision limits.” 


Accepted as Tentative, Revisions in: 


Method of Sampling Petroleum and Petroleum 
Products (D 270 - 52 T) 

Test for Kinematic Viscosity (D 445 - 52 T) 

Test for Tetraethyllead in Gasoline (D 526- 
48 T), including a new Note 1 following the 
Scope to read “Note 1.—Another method, 
D 1269 - 53 T, Polarographic Determination 

of Tetraethyllead i in Gasoline, is also available 

for this purpose. These two methods give 

equivalent results within their stated precision 
limits.” 

Test for Aniline Point and Mixed Aniline Point 
of Petroleum Products and Hydrocarbon Sol- 
vents (D 611 - 51 T) 

Test for Rust-Preventing Characteristics of 
Steam Turbine Oil in the Presence of Water 
(D 665 - 52 T) 

Test for Olefins and Aromatics in Petroleum 
Distillates (D 875 — 46 T) 

Test for Oxidation Characteristics of Inhibited 
Steam-Turbine Oils (D 943 - 47 T) 

Test for Neutralization Value (Acid and Base 
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Numbers) by Color Indicator Titration 
(D 974 - 52 T) 

Classification of Diesel Fuel Oils (D 975 — 52 T) 
The committee withdrew revisions relating to 

Specifications D 975-52 T as set forth in the 

first, second, and fourth paragraphs of the list of 

changes for Table I as given in the report as pre- 

printed. 

Test for Oxygen in Butadiene Vapors (Mangan- 
ous Hydroxide Method) (D 1021 - 49 T) 

Test for Oil Content of Paraffin Wax (D 721 - 
51 T) 

Test for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer (D 156 — 49) 


SUMMARY OF 


Special permission was obtained from the 
Executive Committee of the Board of Directors 
to add a recommendation for the revision of 
Tentative Specifications for Aviation Gasoline 
(D910-52T) to include a new 108/135 
grade of aviation gasoline.“ 


The committee withdrew from the report as 
preprinted the proposed revisions in Test for 
Free and Corrosive Sulfur in Petroleum Products 
(Copper Strip Test) (D 130-50 T). 


Adopted as Standard: 


Test for Butadiene Dimer in Polymerization 

Grade Butadiene (D 1024 - 49 T) 

Test for Carbonyl Content of Butadiene 

(D 1089 - 50 T) 

Test for Water Tolerance of Aircraft Fuels 

(D 1094 - 50 T) 

ASTM-IP Petroleum Measurement Tables 

(D 1250 — 52 T) 

Test for Boiling Point Range of Polymerization 

Grade Butadiene (D 1088 — 51 T) 

The Committee withdrew from the report as 
preprinted the recommendation for the adoption 
as standard of Tentative Method of Test for 
Foaming Characteristics of Crankcase Oils (D 
892 - 46 T). 


Adopted as Standard, Revisions in: 


Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products 
(D 86 - 52) 

Test for Viscosity by Means of the Saybolt Vis- 
cosimeter (D 88 — 44) 

Test for Distillation of Gas Oil and Similar Dis- 
tillate Fuel Oils (D 158 - 52) 

Test for Distillation of Natural Gasoline (D 216 
— 52) 

Definition of Terms Relating to Petroleum (D 
288 — 52) 


“This recommendation, not preprinted, was accepted 
subject _to unanimous affirmative letter ballot of Com- 
mittee D-2, which ballot has been favorable. 


PROCEEDINGS 


Test for Knock Characteristics of Motor Fuels 
by the Motor Method (D 357 - 49) 
Method for Conversion of Kinematic Viscosity 
to Saybolt Universal Viscosity (D 446 — 39) 
Method for Calculating Viscosity Index (D 
567 - 41) 

Method for Conversion of Kinematic Viscosity 
to Saybolt Furol Viscosity (D 666 — 44) 

Test for Knock Characteristics of Motor Fuels 
by the Research Method (D 908 - 51) 


Withdrawal of Standard: 


Method of Test for Existent Gum in Gasoline 
(Air-Jet Evaporation Method) (D 381 —- 50) 


Accepted for Publication as Information Only: 


Test for Functional Life of Ball Bearing Greases 

Test for Chlorine in Lubricating Oil (Sodium Al- 
coholate Volumetric Method) 

Test for Sodium in Residual Fuel Oil by Flame 
Photometer 

Recommended Practices for Applying Precision 
Data Given in ASTM Methods of Test for 
Petroleum Products and Lubricants 

Weathering Test for Liquefied Petroleum Gases 

Test for Water in Petroleum Products and Other 
Bituminous Material 

Methods for Chemical Analysis of Graphite 


Committee D-4 on Road and Paving Ma- 
terials: 


Report presented by C. A. Carpenter, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Bituminous Mixing Plant Require- 
ments (D 995 - 51) 


Adopted as Standard: 


Spec. for Preformed Expansion Joint Filler for 
Concrete, Bituminous Type (D 994 - 48 T) 
Test for Specific Gravity of Compressed Bitum- 

inous Mixtures (D 1188 — 51 T) 


Adopted as Standard, Revisions in: 


Test for Abrasion of Graded Coarse Aggregate 
by Use of the Deval Machine (D 289 - 46) 
(Jointly with Committee C-9) 

Spec. for Granite Block for Pavements (D 59 - 
39) 

Spec. for Emulsified Asphalt (D 977 — 49) 

Spec. for Bituminous Mixing Plant Require- 


ments (D 995 — 51) 7 
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Withdrawal of Tentatives: 


Spec. for Materials for Stabilized Base Course 
(D 556 — 40 T) (Jointly with Committee D-18) 
Spec. for Materials for Stabilized Surface Course 
(D 557 - 40 T) (Jointly with Committee D-18) 


Committee D-11 on Rubber and Rubber-like 
Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Non-Rigid Thermoplastic Compounds 
for Automotive and Aeronautical Applications 
(D 1277 - 53 T) 

Methods for Determining Harmful Dirt in Crude 
Natural Rubber (D 1278 - 53 T) 


Accepted as Tentative, Revisions in: 


Test for Compression Set of Vulcanized Rubber 
(D 395 - 52 T) 

Method of Heat Aging of Vulcanized Natural or 
Synthetic Rubber by Test Tube Method (D 
865 - 52 T) ; 
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Methods of Testing Compressed Asbestos Sheet 
Packing (D 733 - 52 T) 

Test for Viscosity of Rubber and Rubber-Like 
Materials by the Shearing Disk Viscometer 
(D 927 - 52 T) 

Test for Impact Resilience and Penetration of 
Rubber by the Rebound Pendulum (D 1054 - 
49 T) 

Spec. and Methods of Test for Latex Foam 
Rubbers (D 1055 - 52 T) 

Spec. and Methods of Test for Sponge and Ex- 
panded Cellular Rubber Products (D 1056 - 
52 T) 

Test for Compressibility and Recovery of Gasket 
Materials (D 1147 - 51 T) 

Methods of Testing Adhesives for Brake Lining 
and Other Friction Materials (D 1205 — 52 T) 


Adopted as Standard, Revisions in: 


Method of Air Pressure Heat Test of Vulcanized 
Rubber (D 454 - 52) 
Test for Accelerated Aging of Vulcanized Rubber 
by the Oxygen-Pressure Method (D 572 - 52) 
Test for Accelerated Aging of Vulcanized Rubber 
by the Oven Method (D 573 - 52) 


Sesston Co-CHarrMen: C. H. 


Committee C-2 on Magnesium Oxychloride 
and Magnesium Oxysulfate Cements: - 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and the following actions 
taken: 

Adopted as Standard: 


Spec. for Magnesium Chloride (C 276 - 51 T) 
Spec. for Magnesium Sulfate (C 277 - 51 T) 


Committee C-8 on Refractories: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Test for Cold Crushing Strength and Modulus 
of Rupture of Refractory Brick and Shapes 
(C 133 - 49) 


THIRTY-FOURTH SESSION—REPORT SESSION 


Fray, 3, 11:30 a.m. 


FELLOws AND D. E. PARSONS 


Definitions of Terms Relating to Refractories 
(C 71-51) 


Adopted as Standard, Revisions in: 
Definitions of Terms Relating to Refractories 
(C 71-51) 
Committee C-14 on Glass and Glass Prod- 
ucts: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Method of Sampling Glass Containers (C 224 - 
49 T) 


Adopted as Standard, Revisions in: 
Methods of Chemical Analysis of Soda-Lime 


Glass (C 169 - 43) 
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SUMMARY OF 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented by M. H. Allen, secretary, 
in the absence of the chairman, and accepted as 
a report of progress. 


Committee C-16 on Thermal Insulating Ma- 
terials: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and the following action 
taken: 


Accepted as Tentative: 


Recommended Practice for Clearance of Pre- 
formed Thermal Pipe Insulation (C 312- 
53 T) 


Committee C-17 on Asbestos-Cement Prod- 
ucts: 


Report presented, in the absence of the chair- 


man, by L. C. Gilbert, and the following action ° 
taken: 


Accepted as Tentative, Revisions in: 


Spec. for Flat Asbestos-Cement Sheets (C 220 - 
49 T) 


Committee C-19 on Structural Sandwich 
Constructions: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and the following actions 
taken: 


Adopted as Standard: 


_ Test for Density of Core Materials for Structural 


Sandwich Constructions (C 271 — 51 T) 


: Test for Water Absorption of Core Materials for 


Structural Sandwich Constructions (C 272 - 
51 T) 


_ Method of Shear Test of Sandwich Constructions 


in Flatwise Plane (C 273 - 51 T) 
Definition of Terms Relating to Structural Sand- 
wich Constructions (C 274 - 51 T) 


Committee C-21 on Ceramic Whiteware: 


Report presented, in the absence of the chair- 
man, by L. C. Gilbert, and accepted as a report 


of progress. _ 


PROCEEDINGS 


Committee E-5 on Fire Tests of Materials 
and Construction: 


Report presented by R. C. Corson, secretary, 
in the absence of the chairman, and the following 
actions taken: 


Accepted as Tentative, Revisions in: 


Methods of Fire Tests of Building Construction 
of Materials (E 119 - 50) 


Adopted as Standard, Revisions in: 


Methods of Fire Tests of Building Construction 

of Materials (E 119 — 50) 

(a) Revision for immediate adoption with 
respect to Section 10 of Methods E 119. 

(b) Adoption of tentative revision as stand- 
ard, covering the incorporation of new 
Sections 27 to 30 relating to an Alternate 
Test of Protection for Structural Steel 
Beams and Girders. 


Withdrawal of Tentative Revision: 
Methods of Fire Tests of Building Construction 
of Materials (E 119 - 50) 


Committee C-1 on Cement: ae 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Method for Mechanical Mixing of Hydraulic 
Cement Mortars of Plastic Consistency (C 
305 — 53 T) 


Accepted as Tentative, Revisions in: 


Test for Bleeding of Cement Pastes and Mortars 
(C 243 - 52 T) 

Test for Air-Content of Hydraulic Cement Mor- 
tar (C 185 — 50 T) 


we 


30 
(( 
Tes' 
P 
4 Det 
C 
Ad 
| 


FIFTY-SIXTH ANNUAL MEETING 31 


Spec. for Portland Blast-Furnace Slag Cement 
(C 205 - 51 T) 

Test for Fineness of Portland Cement by Air 
Permeability Apparatus (C 204 — 50) 

Spec. for Masonry Cement (C 91 - 51) 


Adopted as Standard: 

Spec. for Air-Entraining Portland Cement (C 
175 - 52 T) 

Definitions of Terms Relating to Hydraulic 
Cement (C 219-51 T): relating to the defini- 
tion of the term Addition. 


Adopted as Standard, Revisions in: 


Spec. for Masonry Cement (C 91 - 52) 
(a) Revisions for immediate adoption in Sec- 


tions 19, 24, 25 and 27 of Specifications r 


C91. 


(b) Adoption as standard of tentative revi- 
sions with respect to Section 7 of Speci- 
fications C 91. 

Test for Portland Cement by the Turbidimeter 

(C 115 - 42) 

Test for heat of Hydration of Portland Cement 

(C 186 — 49) 

Test for Autoclave Expansion of Portland Ce- 

ment (C 151 - 49) 

Methods of Chemical Analysis of Portland Ce- 
ment (C 114 - 47) 
Spec. for Portland Cement (C 150 ~ 52) 
(a) Revision for immediate adoption relating 
to Table II. 

(b) Adoption as standard of tentative revi- 
sions relating to the SO; content and fine- 
“ness, issued September, 1951, and Janu- 
ary, 1952. 
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AND THINGS” 


2) ANNUAL ADDRESS BY THE PRESIDENT 


H. L. MaxweE tt! 


June 30, 1953 


My first thought in seeing you here 
today is to tell you how grateful I am for 
the opportunity you entrusted to me a 
year ago. This year’s tour of duty has 
been a challenge at this particular time. 
It was an honor to follow the course sur- 
veyed and fortified so well by my 45 
predecessors in this office. This is the 
closing week of my year—a very pleasant 
year—during which I have met and vis- 
ited with hundreds of ASTM members, 
some for the first time. It makes one in- 
creasingly aware of the personal, even 
fraternal, bond that unites us. 

The official report of the Society’s 
activities for the year is already in your 
hands. A further elaboration of the finan- 
cial and technical achievements would 
be repetitious and therefore inappro- 
priate. 

More appropriately, I want to convey 
to you some of the confident assurance 
that characterizes our Board of Direc- 
tors and the Executive Committee, and 
shared also by the Headquarters Staff. 
I can best express, briefly, that feeling 
of the Society’s well-being, now as we 
are entering into our second half cen- 
tury, by borrowing from William Words- 
worth who wrote in his confident sum- 
mary: 

No fears to beat away— i 

No strifes to heal, 

The Past is unsighed for, and the future 
sure. 


During the year now closing I have 


1 Technical adviser, Engineering Dept., E. I. du Pont 
de Nemours and Co., Inc., Wilmington, Del. 


traveled many miles and have spoken at 
most of the District meetings and several 
colleges, invariably on technical sub- 
jects. For today, I shall use my tempo- 
rary prerogative, which I shall forfeit 
now in a few days, and speak on a new 
topic, “People and Things” for this, my 
twilight appearance. 

Whatever kind of daily work occupies 
our time and energy, whether it is in de- 
signing chemical plants or whipping up 
a soufflé, whether it is teaching calculus 
or riding in a roller chair on the board- 
walk; our every action—every day—is 
concerned directly with either people or 
things or both. The relative priority we 
as free moral agents recognize in dealing 
with people and things determines in 
large measure what kind of individuals 
we are. It is safe to say that we are 
drawn naturally to an associate who re- 
spects people and uses things. We are 
just as naturally repelled by one who re- 
spects things and uses people. 

The ASTM, as a result of careful and 
forward looking management, has, over 
the years, accumulated considerable 
property. We members have a fine 
building, an additional building lot, 
some stocks and bonds, and in fact quite 
a few valuable things as measured on a 
cash basis. But, by far, the greater value 
is represented by the individual people, 
the men and women, who make up the 
membership, the committees, and Staff 
of the Society. 

Let me illustrate that point. If by 
some strange and regrettable coincidence 
all of the physical assets of our Society, 
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including building and financial reserves, 
were totally destroyed but all of the So- 
ciety’s membership and Staff left intact 
and active, we would suffer no more than 
a temporary inconvenience. We would 
still be in business. We would still be at 
the lead of the technical societies, taking 
all steps to replace the physical facilities. 
If, on the other hand, our Society’s 
physical assets, including building and 
land and financial resources, remained 
unchanged and by some catastrophic 
misfortune the entire membership and 
Staff were blotted out, the motivating 
element which is essential for going 
ahead would be irretrievably lost and 
the material assets would be lifeless. 
Make these and other comparisons by 
any standards of value you choose, and 
without exception you come to the in- 
evitable conclusion that material things 
have value only to the extent that they, 
ultimately, satisfy some human need. 
In every day of our lives, the supe- 
riority of people over things is empha- 
sized in many ways. Take, for instance, 
modern aviation. Some of you, as I, 
have been in a modern airplane, poised 
on the runway on the outermost tip of 
Newfoundland waiting for a favorable 
radio release on the weather. And when 


a description of the weather came over” 


the radio, the pilot, belonging to the only 
species in the whole of the animal king- 
dom with ability to reason, called on his 
judgment and made a decision that lit- 
erally determined matters of life and 
death for every passenger. And then— 
we took off that night and traveled 
through a vast and dark and freezing 
emptiness, guided unerringly by instru- 
ments that were conceived only in the 
mind of men. Those modern instruments 
were built as rugged as a blacksmith’s 
anvil—yet fantastically accurate. They 
were truly the electronic counterpart of 
the sensitive finger tips of the man who 
designed them. These mechanical eyes, 


seen yet unseeing in the usual sense, 
guided the great plane through the still- 
ness of the Arctic night. Crossing first 
over the dark green patchwork of rural 
Ireland, we came to a welcome landing 
beyond the rugged barren mountains of 
North Scotland. 

And the plane itself—as sturdy and 
buoyant and graceful as it appeared in 
the air—yet it was without life and en- 
tirely incapable of action unless moti- 
vated by the hand and heart and mind 
of a human being. Materials, alone, are 
not enough. Steel and plastic and rub- 
ber, that made up the plane, have no 
personality; copper wire and aluminum 
and fabrics have no memory and do not 
respond to incentives. Only man has 
been given that divine spark that trans- 
forms an organic bit of matter into a 
being capable of thought and love and 
worship. 

However, if we appear in our ardent 
enthusiasm to overemphasize that last 
point, we call attention at the same time 
to man’s definite limitations. For one 
thing, we humans are in fact a presump- 
tuous lot. In the history of this world, 
we are now only a relatively few years 
advanced from the time our ancestors 
swung among the branches of primeval 
forests. Presumptuous are we also, when 
we boast of our scientific accom- 
plishments, when the greatest scientific 
achievement of the century is one which 
is literally driving us underground, in 
unwilling retreat from our own clever- 
ness. Presumptuous are we even in our 
moments of meditation when we ap- 
proach the Infinite, without ourselves 
being able to comprehend the infinitesi- 
mal. Perhaps you have heard prayers 
that sound like a man telling God how 
to run the world instead of expressing 
the allegiance of one reporting for duty. 

The emphasis and appreciation of peo- 
ple over things calls, ofttimes, for a good 
share of unselfishness and even humility 


if 
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—dignified humility. This is found fre- 
quently among the men and women who 
have made noteworthy contributions in 
science and art and music and medicine. 
They have been so engrossed in the indi- 
vidual field in their services to humanity 
that they discount their own personal 
needs and discomforts. Many of them 
are interested only in worthy ideals and 
perfection of their handiwork in the serv- 
ice of their fellow man. They are least of 
all interested in material things. Some 
are not concerned whether their house 
furnishings go back to Louis the 14th 
or whether they go back to Sears & Roe- 
buck on the 30th. 

There is recognized here a seeming 
lack of agreement—an apparent conflict 
between values as they are and values 
as they ought to be. But, actually, there 


_ is no inconsistency. We can say with due 


regard for fact that we actually live in 
two different worlds. One of the worlds 
is the one we as engineers measure with 
transit and line and rule. The other 
world is the one we feel with our hearts 
and our imaginations. It is in this second 
category, strange asit may appear, that we 
find the origin of many of the great de- 
velopments in industry and architecture 


and the sciences. Almost axiomatically, 
- one cannot either devise a new process 


or product or construct a plant to pro- 
duce it until it is clearly conceived in the 
imagination. 

Therein lie some of the dominant dif- 
ferences between things and people, and 
the chief difference is in their relative 
permanency. The sensitive balance of 
the scientists, the transit of the engi- 
neers, and the palette knife of the artist 


“PEOPLE AND THINGS” 


of whatever source and of whatever 
value, measured solely by the yardstick 
of cash, are inert, without life and are 
valueless unless held by the hand of 
man. But with qualities of people— 
that’s different. We all know that traits 
of character, ideals, and loyalties are 
transmitted from generation to genera- 
tion, endlessly, across that narrow bio- 
logical bridge of a single microscopic cell. 

Transcending in importance all of the 
engineering materials and things is the 
welfare and development of the men who 
work with materials and things. And 
that is why we feel that to be entrusted 
with the supervision of other men and 
their work is like taking a sclemn obliga- 
tion—one which cannot be repudiated 
or laid aside. We believe, devotedly, that 
the greatest opportunity open to an 
individual is the opportunity afforded a 
man to grow with his responsibilities. 
And in this way we pay tribute to the 
dignity and well-being of people and to 
the usefulness of things. People are in- 
finitely more important than things. 

Edward Markham must have been 
meditating along these lines when he 
seized upon a basic thought and groomed 
it with poetic rhythm. This I leave with 
you in closing: 


We all are blind until we see 
That in the human plan 

Nothing is worth the making 
If it does not make the man. 


Why build these cities glorious 
If man unbuilded goes, 
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With the activities of our Society in- 
volving such a wide range of materials 
and the work cutting across so many 
engineering fields, it is not feasible for 
an annual report by the directors to 
describe or even enumerate all phases 
of the work. Some indication, however, 
can be given of highlights of the So- 
ciety’s complicated operations, and these 
data should be recorded because the 
Directors and the Staff, as well as the 
members and committee members, have 
attempted earnestly to discharge our 
stewardship to this organization. 

Appended to this report are reports 
from several of the administrative com- 
mittees of the Society, on Research, 
Standards, Publications, District Activi- 
ties, and Simulated Service Testing. 
These are worthy of study because they 
give a rather condensed picture of many 
of the Society’s accomplishments. 

The detailed auditors’ report, also 
appended and supplementing the dis-- 
cussion on finances, covers in consid- 
erable detail this important facet of our 
work. It is felt that the Society is in 
good financial condition and that the 
past year was an encouraging one, in- 
dicating a continuing interest in the 
Society’s work and persistent demand for 
the results of its efforts. Only by wide- 
spread dissemination and use of our 
standards and the information and data 
recorded in our technical symposiums 
and reports will the maximum benefits 
be derived from the great efforts ex- 
pended by our people. It is encouraging 
and, in fact, one could say inspiring to 
note the steady increase in the use of 
ASTM specifications and standards. 
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ASTM—A Materials Society: 


Many are prone, because of the great 
significance of our standardization activ- 
ities and the widespread value coming 
through constant use of the standard 
tests and specifications, to look on 
ASTM as a standardization Society. In 
a broad sense this is the case. Yet from 
a broader aspect and considering the 
great amount of data and numerous 
publications coming from the widely 
diverse research activities carried on in 
the technical committees and in many 
other ways, one might almost say that 
ASTM’s major forte is research in ma- 
terials. Actually, of course, these two— 
research and standardization—fre- 
quently go hand-in-hand. Sound data 
are needed before specifications can be 
authoritatively established. Reproduci- 
ble tests are essential and must be thor- 
oughly evaluated and standardized be- 
fore any specification of value can result. 

From the broad viewpoint ASTM cer- 
tainly has added immeasurably to our 
knowledge of properties and efficient 
use of all kinds of materials. Its research 
work and the technical reports and pa- 
pers have had a profound effect on the 
whole materials field and on the develop- 
ment and use of new products. 

Thus, while the Society’s name em- 
bodies the thought of testing, down 
through the years the work has broad- 
ened beyond what our founders might 
have visualized, though indeed they 
were farsighted men. 

We can with justification point to 
ASTM as a Society concerned with, and 
for materials. 
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Responsibility placed on ASTM for 


- authoritative information and for stand- 


ards on materials continues increasingly. 


_ This obligates ASTM constantly to be 


alert to the needs of industry and 
government and while it is bclieved 
through our Directors, our Administra- 
tive Committees, and especially the 
technical committees—the work of which 
is so vital in our activities—that the 
most important needs are soon studied 
and answers provided, keeping alert to 
the needs of industry, government, and 
our whole economy is one of the prob- 
lems that needs constantly to be before 
us and this subject must be one of con- 
tinuing surveillance. 


Changes in Administration: 


On September 16, the Board of Di- 


_ rectors elected Robert J. Painter, for- 


merly Assistant Secretary, and who had 
been serving as Treasurer since April 
15, to the office of Executive Secretary. 
Raymond E. Hess, formerly Assistant 
Executive Secretary and Editor, was ap- 
pointed Associate Executive Secretary 
and Editor-in-Chief. An announcement 
of the additional responsibilities of these 
men appeared in the October ASTM 
BULLETIN. 

Since the Society’s organization there 
have been two secretaries—Edgar Mar- 
burg, who served until 1918, when his 
assistant, C. L. Warwick, was appointed 
Secretary-Treasurer. The sudden death 
of Mr. Warwick in April, 1952, came as 
a great shock and in conjunction with 


the retirement of the Treasurer, J. K. 


Rittenhouse (whose death has since oc- 
curred), a heavy burden was thrown on 
the Headquarters’ Staff. This was ac- 
centuated, too, by the preparations for 
the 50th Anniversay Meeting in New 
York. The Directors feel that they 


_ rightly can take pride in a Staff which 


under the circumstances carried through 


with so little dislocation of work and 


actually with a continuation and ex- 
pansion of it in this period. 


Death of Treasurer Emeritus; Warwick 
Memorial: 


It is with profound regret that we 
record the death on March 13 of John 
K. Rittenhouse who was the first full- 
time employee of the Society and served 
faithfully until his retirement on April 
15, 1952. His responsibilities for many 
years extended beyond the office of 
Treasurer and involved membership 
and meeting activities. His contributions 
to ASTM, his loyalty, and the friendly 
way in which he carried out his work 
will long be remembered. The Directors 
have adopted a suitable resolution of 
appreciation which has been recorded in 
their minutes and sent to his family. 

A resolution of appreciation for the 
long-time Executive Secretary C. L. 
Warwick appeared in the 1952 Direc- 
tors’ Report. A special supplement to 
the ASTM Bvuttetin is in preparation 
as a memorial issue, and plans are being 
completed for establishing a memorial 
room at ASTM Headquarters, contain- 
ing an oil portrait, to commemorate 
him. 

Technical Activities: 


In 1952, and in some cases the early 
portion of 1953, many of the technical 
committees were completing last-minute 
projects so that the latest Book of ASTM 
Standards would be as up-to-date as 
possible. In one sense this seven-part 
10,000-page publication stands as a 
monument (except that it is a very active 
living one) to the work of the men on 
the committees. 

However, neither the research nor 
the standardization work in the com- 
mittees is static, and while on the one 
hand some committees were completing 
material for the Book of Standards, a 
large number of new projects were 
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initiated. Many of these are noted in them. Committee E-10 on Radioactive 
the 1953 annual reports of the commit- Isotopes plans an important session and 
tees or have been covered in the news demonstration at the current Annual 
accounts given in the ASTM BuLietin, Meeting. Committee E-14 on Mass 
especially the April issue, following the Spectrometry cooperated in the Pitts- 
Spring Committee Week. burgh Conference on Analytical Chem- 

The Administrative Committee on istry and Applied Spectroscopy and, 
Standards continues to handle many’ with other groups, arranged for a num- 
of the recommendations on standards ber of papers and reports in this field. 
which have been cleared through the Committee D-23 on Cellulose and Cellu- 
technical committees. Under the spon- lose Derivatives is getting its program 
sorship of the Administrative Commit- under way. The latest technical com- 
tee on Research, two important docu- mittee, concerned with soil conditioners, 
ments have been issued, one a statement will function as a joint committee of 
on some unsolved problems widely dis- ASTM and the Association of Official 
tributed to engineering schools and re- Agricultural Chemists. Its organization 
search groups that might be interested im the near future is anticipated. 
in some of the problems, and the second A number of other fields in which it 


a reprint of a series of ASTM BuLLeTIN has been suggested the Society might 
articles which together constitute an undertake constructive standardization 


all h work are being studied. A conference on 
gasket materials is being arranged to 
activities in the Society. No one could 


. . : review the various uses of gasketing and 
fail to be impressed by this document. packing materials. ASTM, through its 


The committees that have been or- Technical Committee D-11 on Rubber 
ganized in the past 24 months have made and Rubber-Like Materials, has done 
splendid starts in carrying forward those important work in the field of automo- 


segments of responsibility assigned to tive gaskets. - 


Technical Activities 
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Commitiee Scopes and Jurisdictions: - Committee E-5 on Fire Tests of Ma- 
terials and Construction: 

In 1951 a conference of committees 
; interested in fire tests was held to 
A-9 on Ferro-Alloys was authorized at cjarify ASTM work in this field and, 
the request of this committee. The re- posed on this and subsequent discus- 
vised scope will now read as follows, the sion, there was adopted a set of recom- 
words in italics being new and those in mendations representing the Society’s 
brackets to be deleted: policy on promulgating standards on 
fire tests. 

In order that the scope of Commit- 
tee E-5 would reflect these recommenda- 


Committee A-9 on Ferro-Alloys: 
A change in the scope of Committee 


Scope.—The formulation of specifications 
covering additive materials such as metals 
not commercially refined, ferro-alloys, and 
other metals = ‘used in Gone the of this committee was 
melting operations in the steel and associated clarified. Given below are both the va 
ferrous metal industries {the alloys of iron Vised scope of E-5 and the statement o 
with other elements commonly known as _ Policy. It is believed these will clarify 
“ferro-alloys” and used commercially in this work in which the Society has made 
the metals industry.] several notable contributions. 


4 

- | 


Scope-—To develop methods of tests for 
the determination of fire resistance and fire 
hazard of building materials and construc- 
tions. 

To review and coordinate methods of 
fire tests included in standards coming 
within the scope of other ASTM Technical 
Committees. 

To prepare terms and definitions for use 


in standard methods of fire tests of building 
materials and constructions. 


Statement of policy 


1. It is recommended that test methods 
for measuring combustibility characteristics 
and allied properties of individual materials 
be considered as under the jurisdiction of 
individual interested committees, subject 
however to review by Committee E-5. 

2. There should be a clear understanding 
of the distinction between tests for various 

fire resistance properties of individual ma- 
terials and construction assemblages. Tests 
of construction assemblages should be con- 
sidered as solely within the scope of Com- 
mittee E-5 and as the only basis sponsored 
by ASTM for rating the fire resistance of 
such assemblages. 

3. The title and scope of tests for individ- 
ual materials should clearly indicate the 
limitations on their applicability. They 
should be confined to developmental tests 
and the comparisons of the combustibility 
characteristics of the specific material with 
the view of classifying such materials with 
respect to their relative combustibility. 

4.It should be made clear that test 
methods prepared for specific materials are 
not to be used for building code regulatory 
purposes when applicable methods pro- 
mulgated by Committee E-5 are available. 

5. It is recommended that Committee 
E-5 be urged to give continued and studious 
attention to a small scale test method for 
building materials and building material 
assemblages for use in research and de- 
velopment. 

6. It is recommended that the title of 
Method E 119 (Methods of Fire Tests of 
Building Construction and Materials) be 
reviewed with a view of clarification. For 
example, some such wording as the follow- 

ing might be used: 


— 
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“Standard Method of Test for Building 
Constructions and Materials for Fire Re- 
sistance Rating.” 

The small-scale panel test might be 
identified somewhat as follows: 

“Standard Method of Test for Comparing 
Resistance of Building Constructions and 
Assemblies to Fire.” 


Committee C-16 on Thermal Insulat- 
ing Materials: 

ASTM Committee C-16 on Thermal 
Insulating Materials developed a re- 
vised statement of scope extending its 
scope of activities somewhat as indi- 
cated by the italicized words in revised 
statement set forth below, which has 
been approved by the Board: 


Scope.—Formulation of test methods and 
specifications relating to thermal insulation 
materials (except those used in the insulating 
refractory field) and any protective coating 
material associated therewith to preserve 
their thermal insulating efficiency. 


Patent Situations: 


From time to time patent situations 
arise in connection with the establish- 
ment of ASTM specifications and tests. 
The Society has a general policy re- 
garding these noted in the ASTM Year 
Book, page 598. However, each case is 
reviewed by the Board of Directors, 
consideration being given to the in- 
dividual merits. 

During the year patent situations 
have involved specifications for brazing 
filler metal, tests for fineness of cotton 
fibers by resistance to air flow, the hard- 
ness of industrial waters, and tests for 
measuring thickness of water-formed 
deposits and of corroded areas. In each 
case the Board has determined that in 
its judgment the owners of the Tespec- 


policies of the Society. 


50-Year Anniversaries: 


Three of the current technical com- 
mittees of the Society were organized 
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in 1903; thus this year will be their 
Fiftieth Anniversary. The standardiza- 
tion and research activities of these 
committees have been outstanding, and 
many notable contributions have re- 
sulted from the intensive efforts of the 
committee members. The committees 
include: 

A-3 on Cast Iron 

A-6 on Magnetic Properties 

D-4 on Road and Paving Materials 

At its October, 1952, meeting, Com- 
mittee C-1 on Cement held its Fiftieth 
Anniversary meeting with a special tech- 
nical program and ceremonies appropri- 
ate to the occasion. Its first meeting 
had been held in October, 1902, in 
Philadelphia. 


District and Related Activities 


As noted in the accompanying table 
of ASTM meetings, most of the ASTM 
Districts have held meetings, many of 
them jointly with sections or chapters 
of other societies in the respective areas. 

President Maxwell was greeted warmly 
by members and friends of the Society 
at the several meetings and sessions he 
attended. In addition to participating as 
the chief speaker in the Districts he 
visited, he also addressed the upper- 
classmen at a number of engineering 
schools, including the University of 
North Carolina, Rice Institute, and the 
University of Houston. He has also 
described the work of the Society at 


© 


Research and Standards News in ASTM 
Bulletin: 


It is admittedly difficult to keep 
abreast of so many technical projects 
that are under way in our committees. 
It is suggested that one excellent way 
is regularly to read or scan the ASTM 
BULLETIN. An effort is made to present 
highlights of meetings of technical com- 
mittees that are constantly being held, 
and special articles provide in a con- 
densed form pertinent information. For 
example, the December, January, and 
February issues carried a complete re- 
view of the more than 100 research proj- 
ects, giving references in each case 
where detailed information could be pro- 
cured. A combined 24-page reprint of 
this material is available. 


meetings of various service and civic 
clubs. 

The accompanying report of the Ad- 
ministrative Committee on District Ac- 
tivities gives some other District news, 
including the organization of a new 
District in the Southwest. With a grow- 
ing list of members and committee mem- 
bers there, and intensive industrial 
activity in many facets of which ASTM 
is contributing, it has been hoped that 
our people could participate in a Dis- 
trict. The fine cooperation which they 
are giving augurs well for this latest 
District. The personnel of the Council 
will be announced in the ASTM BvuLLe- 
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ASTM MEETINGS, JUNE 1952-JUNE 1953, INCLUSIVE. 


Meeting Place and Date Notes 

Annual Meeting New York, N. y. 40 Technical Sessions; 450 Committee Meetings; 68 New 
Hotels Statler and New Yorker Tentatives Approv 
June 23-27, 1952 (Registered Attendance 2606—278 Ladies) 

ASTM Committee | Detroit, Mich. 300 Committee Meetings 

Week Statler Hotel (Registered Attendance 1050) 

March 2-6, 1953 

Spring Mee! Detroit, Mich. Symposium on Gloss 

me Seatios Hotel” Reception: ‘‘Fathoming the Fifties,” by Kenneth McFarland. 
arc’ 


Pittsburgh, Pa. 
University Club 
October 8, 1952 


‘President’ 's 's Night: “Chemical Develo and Engineer- 
ing Materials,” by President H. L. 


Philadelphia, Pa. Jointly with the Delaware Valley Section, Society for Experi- 
Franklin Institute mental Stress Analysis. 
October 9, 1952 “Who Was the First Taventec? or Why Keep Research Rec- 
ords?”’ (discussion) 

Cambridge, Mass. In association ig ASTM Committees D-9 and D-20 

New land) “Plastics,” by R. K. Witt and G. M. Kline 

‘otel Commander 
October 28, 1952 
St. Louis, Mo. oint meeting with Engineers’ Club of St. Louis. 
Engineers’ Club ‘Chemical wee ments and Engineering Materials,” by 
October 30, 1952 President H. L. Maxwell. 


les, Calif. 
Auditorium 
November 18, 1952 


Joint meeting with Southern California Section of the So- 
ciety for Non-Destructive Testing, Inc. 
“Non-Destructive Testing,” by R. C. McMaster.” 


Dayton, Ohio 

(Ohio Valley) 
Frigidaire Auditorium 
November 20, 1952 


“Wood as an Engineering Material,” L. J. Markwardt. 


San Francisco, Calif. 
St. Julien Restaurant 
November 25, 1952 


Jointly with the Northern California Section, Society for 
Non-Destructive Testing, | Inc. 
“Non-Destructive Testing,” by R. C. McMaster.’ 


New York, N. Y. “Rubber,” by Gerald Reinsmith and G. C. Maasen. 
Engineering Societies Bldg. 

December 8, 1952 

Birmingham, Ala. 7 meeting of Committee A-1 on Steel, ASTM; Birming- 


Tutwiler Hotel 
February 3, 1953 


ham Chapter, American Chemi Society; Birmingham 
Chapter, aaa Society for Metals; = ASTM Ala- 
bama mem! 
“Chemical Developments. a and Engineering Materials,” by 
President H. L. xwell 


Philadelphia, Pa. 
Franklin Institute 
February 13, 1953 


President’s Night: ‘“‘Chemical Develo 


— and Engineer- 
ing Materials,”’ by President H. L. xwell.? 


Berkeley, Calif. 

(Northern California) 

March 9, 


Joint meeting with California Section, American Chemical 
Society, and Northern California Section, American Insti- 
tute of Chemical Engineers. 

“Chemical ey and Engineering Materials,” by 
President H 


Los Angeles, Calif. 
Rodger Young Auditorium 
March 12, 1953 


“Chemical Spepegmene and Engineering Materials,” by 
President H 


Richland, Wash. 
Desert Inn Hotel 


Joint meeting of Columbia Basin Chapter, American Society 
for Metals, and Columbia Valley Section, American Insti- 


March 19, 1953 tute of Chemical Engineers. 
“Chemical and Engineering Materials,’ by 
President H. L. Maxwell 
St. Louis, Mo. ‘ointly with American Society for Quality Control. 


St. Louis University 
March 20, 1953 


Some Practice in Theory 


Theory in Practice,” by J. H. 
Toulouse. 


Pittsburgh, Pa. 
Mellon Institute 
March 31, 1953 


Joint meeting with Pittsburgh Section, Society of Automo- 
tive Engineers. 
— Its Development and Applications,” by H. T. 
rk. 


Test 
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ASTM MEETINGS, JUNE 1952-JUNE 1953, INCLUSIVE—Continued 


Place and Date 


Houston, Texas 
Alabama Catering Service 
March 27, 1953 


Notes 


Joint meeting with American Institute of Chemical Engi- 
neers, South Texas Section. 

“Chemical gy and Engineering Materials,” by 
President H. L 


New York, N. Y 
Engineering Societies Bldg. 
April 16, 1 


“Modern Quality Control,” by Simon Collier; Panel Dis- 
cussion. 


Mass. 

(New England) 
Hickory House 

April 16, 1953 


“Chemical and Engineering Materials,” by 
President H. 
“Applications of Abrasives,” by A. L. Ball. 


Richmond, Va. 
(Washington, D. C.) 
Jefferson Hotel 
April 28, 1953 


“Engineering in the Post Defense Economy,” by A.A. Bates. 
“Research and Standards,’’ by President H. L. Maxwell. 


Los Angeles, Calif. 
Rodger Young Auditorium 
June 5S, 1953 


“Paint and Paint Materials,” by J. W. Bowen. 


* President Maxwell’s talk, various versions oat which were presented at District Meetings, was published in ASTM 


Butzetin, No. 194, December, 1953, p. 47 (TP19 
The ad-ress by R 


¢Master was a condensed version of his 1952 Edgar Marburg Lecture, ‘“‘Non-Destructive 
Testing,’”’ Proceedings, Am. Soc. Testing Mats., Vol. 52, p. 617 (1952); also issued separately. 


National Meetings 


The Society’s Golden Anniversary 
Meeting (55th Annual Meeting) was 
held in New York City, June 23-27, 
1952. Efforts were made to make this 
meeting one of especial interest to 
foreign delegates as well as to ASTM 
members. The esteem in which the 
Society is held, and the success of this 
meeting in particular, is evidenced by 
the congratulatory expressions received 
from more than 150 technical and sci- 
entific societies, trade groups, and similar 
organizations. Sixteen foreign countries 
were represented. Forty technical ses- 
sions were held in addition to 450 
technical committee meetings. The Ap- 
paratus Exhibit, held in connection with 
this meeting, was the largest ever spon- 
sored by the Society. Including the 
official registration of 2606, the large 
numbers of visitors to the Exhibit, and 
those in attendance at the sessions, it 
is possible that upward of 5000 partici- 
pated in this meeting. 

The 1953 Spring Meeting, held in 
Detroit the week of March 2, included 


an outstanding Symposium on Gloss; 
300 committee meetings were held dur- 
ing Committee Week. The mid-week 
dinner was highly successful due to the 
work of the Detroit District, which 
group acted as host, and to the dynamic 
talk by Dr. Kenneth McFarland who 
spoke on ‘“‘Fathoming the Fifties.” De- 
tailed accounts of the 50th Anniversary 

- Meeting and the 1953 Spring Meeting 
appeared in the July, 1952, and April, 
1953, issues of the ASTM BULLETIN, 
respectively. 


Centennial of Engineering: 


The Society sponsored two sessions 
at the Centennial of Engineering in 
Chicago in September; N. L. Mochel 
delivered a paper on ‘Men, Materials, 
and the Power Industry—A Trio in 
Action,” based in part on his 1952 
Gillett Lecture. The Society cooperated 
in sponsoring a five-session symposium 
on “100 Years of Engineering Progress 
with Wood” by arranging for one of 
the sessions which was held on Sep- 
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tember 11. This was held jointly with 
other Societies; Committee D-7 on Wood 
took the lead in arranging this feature. 
Past-President L. J. Markwardt presided 
at this session, while Past-President H. H. 
Morgan presided at the meeting on Sep- 
tember 10. President Maxwell repre- 
sented the Society at the Centennial 
Luncheon and Dinner. 

Abstracts of the papers have been 
published—Mr. Mochel’s in the ASTM 
BULLETIN, the papers on wood in Civil 
Engineering and also as a special re- 
print issued by the Timber Engineer- 
ing Co. 


1954, 1955, and 1956 Meetings: 


The 1954 Annual Meeting will be 
held at the Hotels Sherman and Morri- 
son, Chicago, Ill., June 14-18. In 1955 
the Annual Meeting will again return 
to Chalfonte-Haddon Hall, Atlantic City, 
N. J., during the week of June 26-July 
1. The 1956 Annual Meeting is tenta- 
tively scheduled for June 17-22, also 
in Atlantic City. 

The timing of ASTM Committee 
Week has been the subject of some dis- 
cussion for the past several years, in 
view of the shortness of elapsed time 
between these spring group meetings 
and Annual Meetings and the necessity 
for preprinting annual reports of com- 
mittees. As a result of a canvass of the 
various technical committees, it has 
been agreed that future Spring Com- 
mittee Weeks should be moved up to 
late January or early February. 

In accordance with the concensus ex- 
pressed by the various committees, the 


1954 Spring Committee Week will be 
held at the Shoreham Hotel, Washing- 
ton, D. C., February 1-5. The 1955 
Spring Committee Week is scheduled 
for the Netherlands Plaza Hotel, Cin- 
cinnati, January 31-February 4. 


1956 Pacific Area Meeting: 


The First Pacific Area National Meet- 
ing, held in 1949, was very successful 
and it was thought that another one 
should be held at some future date, 
probably in Los Angeles. Decision has 
been reached for the Second National 
West Coast Meeting to be held at the 
Los Angeles Statler, September 16-22, 
1956. A local committee on arrange- 
ments is being organized with representa- 
tives from the Southern and Northern 
California Districts and other West 
Coast and Rocky Mountain centers. 
ASTM Director E. Ord Slater will be 
the Chairman, with W. C. Hanna, co- 
operating actively as Honorary Chair- 
man; Theodore Parker Dresser, Jr., 
will be one of the Vice Chairmen, and 
Myron Niesley is Secretary. F. C. Con- 
verse is to be Chairman of the Sub- 
committee on Technical Program, and 
Claude E. Emmons is Finance Chair- 
man. Other officers and members are to 
be announced. 

It is expected other societies and as- 
sociations may participate in some of 
the technical features of the meeting, 
and as a result of an invitation to all 
ASTM committees to consider West 
Coast meetings, a number already are 
planning accordingly. 


Publications 


The very considerable number of pub- 
lications that have been issued during 
the past year are listed and discussed in 
the attached report of the Administra- 
tive Committee on Papers and Publica- 


tions (see Appendix IV). Several impor- 
tant publication projects have reached 
their culmination during the past year, 
as for example the Fifty Year Index, the 
very extensive ASTM-IP Oil Measure- 


mé 
W 
nu 
res 
M 
of 
Ho 
Pei 
Su: 
Co 
In 
| = 
Ww 
tk 
Ww 
li 
ce 
tl 
a 
tl 
it 
T 
t 
n 
Cc 
il 


ANNUAL REPORT OF BOARD OF DIRECTORS 


ment Tables,and the Manualon Industrial 
Water which, added to the considerable 
number of special technical publications 
resulting from the Fiftieth Anniversary 
Meeting and the appearance of the Book 
of Standards, createda publication sched- 
ule of quite considerable magnitude. 
The special technical publications are 
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acquiring a position of ever-increasing 
importance. While the Fiftieth Anniver- 
sary year was somewhat special in this 
respect, nevertheless, the committees are 
finding the sponsoring of technical sym- 
posiums very helpful in furthering the 
committee work and the result is a very 
informative and valuable series of publi- 
cations. 


Membership 


On June 1, 1953, the membership of 
the Society totaled 7522, compared with 
a total of 7250 one year ago. Gains and 


losses in various classes of membership 
are shown in the following table: 


Membership Losses Additions Total 
P ae 4, Resig- Trans- | Trans- | Elec- In- 
nations Death fer fer tion Loss | Gain 
Sustaining. . 255 270 is | i i i6 is 
Company, Firm, etc..| 1745 1784 37 10 ae 20 7 | 99 67 106 39 
Individual, etc.’.....| 5111 | 5333 | 193 92 | 143 9 22 | 537 | 337 | sso | 222 
Junior. ... 106 104 11 37.| | 37 
TS, 7250 7522 242 15 | 45 44 44 674 446 | 718 272 
368 323 18 asi | 12 | 206 281 206 
* Net Loss. 


It will Ue noted that 674 new members 
were elected, compared with 627 for 
the preceding year. Although there 
were more losses from resignations, de- 


linquencies, and death this year (402, 


compared with 378 the previous year), 
there is a favorable net increase of 272, 
compared with the net increase reported 
a year ago of 249. It will be seen from 
the table that there was a substantial 
increase in the number of sustaining, 
company, and individual memberships. 
The growth of the sustaining member- 
ship class is encouraging. In the past 
two years it has risen from 236 to the 
current figure of 270; and company 
memberships in this same period in- 
creased from 1704 to 1784. These 
classes particularly are agg in 


Society’s technical operations. 


It is interesting to compare our present 
membership of 7522 with the figures for 
ten and twenty years ago; in 1943 our 
total membership was 4904, and in 1933 
it was 3733. A true comparison would, of 
course, need to consider the relative 
percentages of sustaining, company, and 
individual memberships. Nevertheless, 
the steady growth in the total member- 
ship is encouraging. 


Sustaining Members: 


There have been sixteen new sustain- 
ing members, and there was one resig- 
nation. The new sustaining members are: 

American Chemical Paint Co. 
American Phenolic Corp. 


Catalin Corporation of America 
The Cleveland Twist Drill Co. 
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Colgate-Palmolive-Peet Co. 

Erie Railroad Co. 

B. F. Goodrich Chemical Co. 
Hanson-Van Winkle-Munning Co. 
Lehigh Portland Cement Co. 

The Lummus Co. 

The Maytag Co. 

The Midvale Co. 

National Research Council of Canada 
Niagara Mohawk Power Corp. 
Rohm & Haas Co. 

Sandia Corp. 


50-Year Members: 


There are nine individuals and com- 
panies as noted below that have been 
connected with the Society continuously 
for 50 years, having joined in 1903: 

Frederick W. Bateman 
Almon H. Fuller 
Herbert F. Moore 

C.P. Van Gundy 

L. W. Walter 

_ The Carpenter Steel Co. | 
= D. Little, Inc. 

National Lead Co. 

Pennsylvania State Highway Dept. 


These members will be recognized at 
the annual meeting. Ts 


40-Y ear Members: 


There is a total of 37 members who 
this year have completed 40 years of 
membership, which brings the total 
number of certificates issued to the 
“Forty-Year Club” to 251. The mem- 
bers who will receive the 40-Year 
Certificates at this annual meeting are 
as follows: 


American Car & Foundry Co. 
Louis Anderson 
The Atlantic Refining Co. 
John M. Bierer 

_ A. Burton Cohen 
Combustion Engineering, Inc. _ 

~ Compressed Gas Mfrs. Assn., Inc. 
Cork University College Library 
John J. Crowe 
Henry Disston & Sons, Inc. 
Electro Metallurgical Div., Union Carbide 

& Carbon Corp. 


Dudley K. French 


Giant Portland Cement Co. _ 

Dean Harvey 

Hydro-Electric Power Commission of On- 
tario 

Burgis D. Jennings 

Arthur M. Johnsen 

Leeds & Northrup Co. 


Missouri State Mining Experiment Sta- 


tion, Ceramics Div. 
Northern Pacific Railway Co. 
The Ohio Brass Co. : 
Oliver Iron & Steel Corp. 
Otis Elevator Co. 
The Pennsylvania Railroad Co. 
Julian A. Pollak 
University of Queensland 
Ralph E. Roscoe 
Rutgers University, School of Ceramics 
Seattle, City Engineer’s Dept. 
Henry T. Shelley 
The A. P. Smith Mfg. Co. 
Tennessee Coal & Iron Div., U. S. Steel Co. 
City of Toronto, Dept. of Public Works 
Valentine & Co., Inc. 


Harry Wolf 
Deaths: 
The Society has lost the following 45 


members through death (figures in 
parentheses are dates of membership): 


Buchholtz, H. (1940) 

Buck, Harold J. (1940) 

Carder, C. H. (1937) 

Carlson, T. A. (1937) 

Carver, Fred S. (1929) 

Cooper, Howard (1946) 

Devereux, W. C. (1931) 

Eavenson, Howard N. (1921) © 
Fairbairn, John MacFarlane (1938) 
Fox, Edwin H. (1950) 
Greiner, Leonard E. (1948) 
Grossmann, Marcus A. (1925) 
Hallett, R. L. (1920) 
Haven, George B. (1917) 
Johnston, Robert S. (1919) 
Lee, Alan Porter (1936) 
MacGregor, John R. (1912) 
Matte, Joseph, Jr. (1943) ; 
McKesson, Claude L. (1930) 7 
McManus, J. D. (1943) 
*Miller, J. Strother (1903) 
Oldacre, William H. (1932) 
Pleister, Henry W. (1926) 


Honorary Member. 


C. Benson Wigton is 
L. H. Winkler 


Ho 


44 — 

| 

ye 
nl 
m 
J. 
Sc 
el 
a 
in 


Poorman, Alfred P. (1908) 
Quinn, Don L. (1937) 

Reilly, Edmund A. (1925) 
Rosenthal, Helman (1927) 
Sanders, Vic (1945) 

Schaeffer, Emil (1951) 
Schreiber, F. D. (1952) 
Shepard, Hugh Martin (1943) 
Smith, Paul H. (1947) 
Sparrow, Stanwood W. (1930) 
Stinson, T. K. (1940) 
Sunderland, Charles C. (1925) 
Thrasher, Grafton M. (1939) 
Tinsley, John F. (1912) 
Tomkins, Selah S. (1920) 

van der Graaf, J. (1951) 

*von Shrenk, Hermann (1903) 
Waterhouse, George B. (1922) 
Wilbur, David T. (1949) 
Wilson, Hewitt (1933) 
Wiskocil, Clement T. (1916) 
Withrow, James R. (1929) 


In addition to the above, the follow- 
ing representatives of company mem- 
bers of the Society passed away: 


George E. Bean, The Eastern Malleable Iron 
Co. 

O. F. Blakey, University of Western Australia 

Harold A. Dambly, Philadelphia Electric Co. 

G. B. Gould, Fuel Engineering Co. of New York 

Otto E. Hager, Chesapeake & Ohio Railway Co. 

E. C. Page, Page Testing Laboratory 

Morris Schrero, Carnegie Library of Pittsburgh 

W. W. Scott, Jr., The Laclede Steel Co. 

H. J. Wernert, Wernert, Taylor, Sanzenbacher, 
& Morris 


A number of these men have been 
affiliated with the Society for many 
years and rendered outstanding services, 
particularly through work on the tech- 
nical committees. The notable work and 
meritorious service of two of the men, 
J. Strother Miller and Hermann von 
Schrenk, had been recognized through 
election to Honorary Membership in 
the Society. Dr. von Schrenk was a Past- 
President of the Society, a prime mover 
in the organization of Committee D-7 on 
Wood, and its chairman for 44 years; 
he was also one of the organizers of the 


a. 
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St. Louis District Council and its first 
Chairman (1939-1946). Mr. Miller, a 
leader in the asphalt technology field, 
made many important and varied con- 
tributions in technical committees, his 
activities being concentrated chiefly in 
Committees D-4 on Road and Paving 
Materials and D-8 on Bituminous Water- 
proofing and Roofing Materials, but also 
extending into Committees C-1 on 
Cement and D-1 on Paint, Varnish, 
Lacquer, and Related Products. Both 
Messrs. Miller and von Schrenk would 
have been in the ASTM “Fifty-Year” 
group this year. 

T. A. Carlson, of the Forest Products 
Laboratory, worked actively in Com- 
mittee D-6 on Paper and Paper Products, 
and for many years in Committee D-10 
on Shipping Containers where he had 
been Chairman for the past six years. 
M. A. Grossman, an outstanding au- 
thority in the field of metallurgy, served 
on several ASTM committees in the 
ferrous field and on Committee E-9 on 
Fatigue, and was particularly active in 
Committee E-4 on Metallography where 
he directed work involving grain size 
that brought widespread recognition to 
the Society. In the death of R. L. Hallett 
(after several years’ retirement), the Soci- 


“ ety loses one who had done much con- 


structive work in Committee D-1 on 
Paint, having been Secretary for ten 
years. He also had served on Committee 
B-2 on Non-Ferrous Metals and Alloys 
and as a Director of the Society, 1935- 
1937. George B. Haven, a leader in the 
field of textile technology, concentrated 
his ASTM work in Committee D-13 on 
Textile Materials, serving as Chairman 
from 1917 to 1920, and later being elected 
to honorary membership in this group. 
Robert S. Johnston, for many years Di- 
rector of Research, John A. Roebling’s 
Sons Co., served on several ASTM com- 


| 


mittees in the field of steel, corrosion, 
and screen wire cloth. 

John R. MacGregor, a 40-year mem- 
ber of the Society, was a leader in work 
on protective coatings, and served for 
many years on Committee D-1 on 
Paint. Claude L. McKesson had been 
active in the work of Committees D-4 
on Road and Paving Materials and D-18 
on Soils for Engineering Purposes. Wil- 
liam H. Oldacre and S. W. Sparrow par- 
ticipated in the work of Committee D-2 
on Petroleum Products and Lubricants. 
Don L. Quinn participated actively in 
the work of the Committees on Paper 
and Paper Products, and Shipping Con- 
tainers. Vic Sanders was a member of 
the Pittsburgh District Council and 
also of Committee C-16 on Thermal 
Insulating Materials. S. S. Tompkins 
served on several ASTM committees 
concerned with fuels—D-3 on Gaseous 
Fuels and D-5 on Coal and Coke—and 
also on D-16 on Industrial Aromatic 
Hydrocarbons and D-19 on Industrial 
Water. George B. Waterhouse, dis- 
tinguished for his research work in iron 
and steels, had served on various ASTM 
committees, principally A-1 on Steel, 
A-10 on Iron-Chromium, Iron-Chro- 
mium-Nickel, and Related Alloys, and 
E-8 on Nomenclature and Definitions. 
Hewitt Wilson was concerned especially 
with the activities of Committees C-8 
on Refractories and C-21 on Ceramic 
Whiteware. James R. Withrow, long- 
time Professor of Chemical Engineer- 
ing, Ohio State University, directed the 
work of ASTM Committee C-7 on Lime 
as Chairman for a number of years and 
was a member of Committee C-12 on 
Mortars. 

Concerning those men who represented 
their companies in the Society, exer- 
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cising the responsibilities of member- 
ship, George E. Bean served on Commit- 
tee A-7 on Malleable Iron Castings and 
several subcommittees. In the sudden 
death of Harold A. Dambly, of the 
Philadelphia Electric Co., the Society 
lost one who, although active in ASTM 
a relatively short time, had done very 
constructive work in the Philadelphia 


District. A member of Committee D-5 , 


on Coal and Coke and a number of its 
subgroups for many years, G. B. Gould 
was Chairman of the Subcommittee on 
Significance of Tests. A former member 
of the St. Louis District Council, W. W. 
Scott, Jr., served for over 25 years on 
Committee A-1 on Steel. 


Former Active Members: 


Harry J. Love, for many years Secre- 
tary and Managing Director of the 
National Slag Assn., was active in the 
Society for over 30 years and was a 
loyal and active member of Commit- 
tees C-9 on Concrete and Concrete 
Aggregates and D-4 on Road and Paving 
Materials. He was an honorary 1 ember 
of Committee C-9 and was active in 
various associations in the Washington, 
D. C., area. 

Frank M. Waring, formerly Engineer 
of Tests, Pennsylvania Railroad Co., 
and for many years retired, was a former 
Chairman and Secretary of Committee 
A-1 on Steel and served on several other 
committees, including D-11 on Rubber 
where he had been Secretary. He was a 
former Director of the Society. 

More detailed notes on the work and 
contributions of many of these men have 
appeared in respective issues of the 
BuLLeETIN. The Society records its deep 
appreciation for their contributions and 


the spirit which motivated them. 
Honors and Awards 


In line with recently established prac- 
tice, the Board has continued recogni- 


tion for outstanding service through the 
selection of members to receive the 
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Award of Merit. Various awards and 
medals are also given to recognize out- 
standing papers and to foster research in 
certain special fields. 


Award of Merit: 
The Award of Merit Committee for 
1953, comprising H. M. Hancock, chair- 
man, T. S. Fuller, A. T. Goldbeck, H. 
W. Stuart, and W. A. Zinzow, reviewed 
numerous suggestions and citations from 
various technical committees and nomi- 
nated ten members who by unanimous 
action of the Board were voted the 1953 
Awards of Merit. Each one has con- 
tributed in an important way to the 
work of the Society. Award of Merit 
certificates will be presented during this 
Annual Meeting to the following: 


Everett G. Ham 
James T. MacKenzie 
Dalton G. Miller 
Rudolph E. Peterson 


Carlton H. Rose 


Walter A. Selvig 
Erle I. Shobert IT 
Recognition of Technical Papers: 


Earl R. Stivers 
Jerome Strauss 
Roderick B. Young 


The following awards will be made 
at this Annual Meeting in recognition of 
outstanding technical papers: 

Charles B. Dudley Medal—presented 
for a paper of outstanding merit con- 
stituting an original contribution on 
research in engineering materials. Medals 
this year will be presented to E. A. Davis 
and M. J. Manjoine of Westinghouse 
Research Laboratories, East Pittsburgh, 
Pa., for their paper on “Effect of Notch 
Geometry on Rupture Strength at Ele- 
vated Temperatures.” 

Richard L. Templin Award—presented 
for a paper describing new testing 
methods and apparatus, the purpose of 


the award being to stimulate research 
in the development of testing methods 
and apparatus. This year the award will 
be made to W. N. Findley and P. G. 
Jones, University of Illinois, W. I. 
Mitchell, South Dakota School of Mines, 
and R. L. Sutherland, University of 
Iowa, for their paper on “Fatigue 
Machines for Low Temperatures and 
for Miniature Specimens.” 

Sam Tour Award—presented for a 
paper describing new and useful testing 
procedures, apparatus, or new and useful 
evaluation of previously developed cor- 
rosion testing methods, the purpose of 
the award being to encourage research 
on the improvement and evaluation of 
corrosion testing methods and to stimu- 
late the preparation of technical papers 
in this field. This year the award will be 
made to J. R. McDowell of Westing- 
house Research Laboratories, East Pitts- 
burgh, Pa., for his paper on “Fretting 
Corrosion Tendencies of Several Com- 
binations of Materials.” 

Sanford E. Thompson Award—pre- 
sented by Committee C-9 on Concrete 
and Concrete Aggregates for a paper of 
outstanding merit in the field of con- 
crete and concrete aggregates. The award 
this year will be presented to Mrs. 


- Katharine Mather, Chief, Petrography 


Section, Concrete Research Division, 
Waterways Experiment Station, Corps 
of Engineers, Jackson, Miss., for her 
paper on “Applications of Light Mi- 
croscopy in Concrete Research.” 

The Harold Dewitt Smith Memorial 
Medal was presented to Herbert J. 
Ball, Head of the Department of Engi- 
neering, Lowell Textile Institute, Lowell, 
Mass., at the March 19 meeting of Com- 
mittee D-13 on Textile Materials. This 
medal is awarded for outstanding 
achievement in the field of textile fiber 
science and utilization. A past-president 
of the Society, Professor Ball was 
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Chairman of Committee D-13 for many 
years. 


Frank E. Richart Award: 

The Board has authorized a Frank E. 
Richart Award, established by a gift 
from Mrs. Richart, to honor and perpetu- 
ate the memory of her late husband, 
who was a long-time member of the 
Society, a member and officer of various 
technical committees, a Vice-President, 
and Honorary Member of the Society. 
The award is to encourage work related 
to the activities of Committee C-9 on 
Concrete and Concrete Aggregates 
(where Professor Richart was most 
active) and to recognize outstanding 
contributions made in this field. The 
recipient of the award will be named 
periodically, but not more often than 
every third year, and will receive a 
certificate and cash. 


New Board Committee on Lectures and 
Awards: 
By action of the Board of Directors in 


Report for the Fiscal Year of 1952: 

The annual statement of the finances 
of the Society is presented in the form 
of the report of the auditors for the 
fiscal year January 1 to December 31, 
1952, which appears in Appendix I. 
The report gives the balance sheet of 

assets and liabilities, including general 

funds, building fund, and other special 
and designated funds; a statement of 
receipts and disbursements classified 
into “operating” (budgeted) and “non- 
operating”; details of the building fund 
and of special funds; and investments of 
Society funds. 


Operating Receipts: 
Total operating receipts were 
$648,352.34, the largest in the Society’s 


Finances 
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September, 1952, a special committee 
consisting of G. R. Gohn, chairman, 
L. C. Beard, and M. A. Swayze was 
appointed to coordinate the planning for 
all Society lecturers and awards and to 
set up rules of procedure for securing 
lecturers with the thought of providing 
adequate time for the necessary con- 
tacts. On the recommendation of the 
special committee, the Board has ap- 
pointed from its members a Committee 
on Lectures and Awards, whose con- 
tinuing responsibility is the establish- 
ment and administration of rules and 
regulations with respect to the selection 
of memorial lecturers and recipients of 
the various awards. This committee 
will review for the Board the reports of 
the various lecture and award commit- 
tees, will make recommendations to the 
Board for appointments to the com- 
mittees selecting the lecturers and award 
winners, and generally coordinate ac- 
tivities of this nature. 


history. Of this amount receipts from 
dues and entrance fees were $226,283.99 
or 34.9 per cent; receipts from sales of 
publications were $338,447.83 or 52.2 
per cent; and receipts from miscellane- 
ous sources consisting principally of 
advertising, income from investments, 
registration fees, and exhibit, total 
$83,620.52 or 12.9 per cent. 

Income from sales of publications was 
just under the 1951 record high, which 
is significant. Considering that the So- 
ciety’s financial operations should be 
studied really on a three-year basis be- 
cause of the triennial publication of our 
Book of Standards which provides our 
largest sales income, it is encouraging 
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to note the large income in the third 
year of this period. (Heaviest income for 
the 1949 Book of Standards was in 
1950.) In 1952 operations the income 
from 1950 and 1951 Standards Supple- 
ments, from special compilations of 
standards, and so-called separates, and 
especially from miscellaneous publica- 
tions (symposiums, charts, etc.) bulked 


large in thesalesincome. = = “4 


With a steadily increasing number of 
standards and continuing demand for 
them, more technical symposiums than 
ever before, and with considerably 
higher publication and other costs, our 
total disbursements were much higher 
than in 1951, and for any other year, to- 
talling $620,030.26. The budget recog- 
nized that this situation would probably 
develop. It is worthy of note that our 
actual disbursements were about $9000 
under the estimate. Publications costs, 
exclusive of overhead, labor, etc., to- 
talled $259,822.59, or 41.9 per cent of 
the total. Salaries accounted for 34.1 
per cent of total expenditures, which is 
virtually the same ratio as in recent 
years. 

Considering the nature and extent of 
the Society’s 50th Anniversary Meeting 
in New York, with several special 
events, it is of interest that our costs 
were well under the modest budget of 
$9500. The New York Committee on 
Arrangements did excellent work in 
raising a special fund of some $20,000 
to defray the cost of special entertain- 
ment features, but including also labora- 
tory and plant trip programs, various 
printing and promotional costs, and the 
photographic exhibit. 

The Society’s contribution to the 
Retirement Plan for ASTM employees 
was $16,013, about 2.6 per cent of total 


Operating Disbursements: 


disbursements and about 7.5 per cent 
of the salary roll. The Social Security 
Tax, included in this total, was $2314. 
Further discussion of the Retirement 


Plan is given on a later page. Cn 


Comparing operating receipts with 
disbursements, there was a favorable 
balance of $28,322.08. This was en- 
couraging since a normal third year 
after publication of the Book of Stand- 
ards might result in a deficit and budget 
operations must be based on the pos- 
sibility of such a situation. 

Balance Sheet——The appended audi- 
tors’ report includes a balance sheet of 
assets and liabilities as of December 19, 
1952. Assets in the General Funds 
totalled $568,557.72 compared to 
$524,490.65 a vear ago. Total assets in- 
cluding the b.."'ding Fund and Special 
and Designate’ Funds are $1,004,216.76 
compared to $917,576.30 a year ago. 
This increase in assets reflects substan- 
tial increase in cash and investments in 
the General Funds and in Special Funds. 

It should be pointed out that in the 
Balance Sheet no account has been 
taken of the assets of the Society in the 


Summary of 1952 Operations: 


_form of publications in stock. This is 


consistent with many years’ practice in 
this respect and, of course, results in a 
more conservative statement. An in- 
ventory of the principal technical publi- 
cations as of May 1, 1953, is summarized 
below: 


Proceedings (All back copies not incl. 1952)...... 2 133 
1952 Book of ASTM Standards 
ASTM Methods of Chemical Analysis ........ 2 030 
Special Compilations of Standards............ . 18 652 
Selected Standards for Students.............. .. 19 830 
Symposiums and Special Reprints............... 120 285 
Reprints of Standards (Approx.)................ 200 000 
Radiographic Standards for Steel Castings....... 14 
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The surplus in General Funds is 
$265,824.26 which compares’ with 
$259,063.13 a year ago. 

ASTM Building Fund.—The audi- 
tors’ report contains a statement of re- 
ceipts and disbursements and the Bal- 
ance Sheet for the ASTM Building 
Fund. The Building Fund received from 
General Funds the sum of $5907.34 
to cover payment of interest and amorti- 
zation of the loan. The Fund also re- 
ceived $5700 for depreciation account 
which was paid in monthly installments 
and invested in shares of Common- 
wealth Investment Co., a mutual fund. 
Other receipts of $2499.16 constituted 
contributions from members and _ in- 
terest and dividends on investments. 

The Balance Sheet is set up to show 
as assets the complete purchase price 
of the Headquarters’ Building and con- 
struction costs from the beginning (de- 
preciated in accordance with the agreed- 
upon schedule) and all contributions to 
the Fund as a liability. The reserve for 
depreciation, $31,450, added to the 
Building Fund from General Funds for 
the past five years, appears in the 
Balance Sheet as a deduction from the 
construction costs. The Society’s head- 
quarters, including the cost of the 
Cherry Street lot purchased in 1952 at 
a cost of $29,179, represents an asset on 
the depreciated basis of $184,811.50. 

To simplify the Building Fund opera- 
tions, the two notes outstanding on the 
Headquarters’ Building and the Cherry 
Street lot were combined in 1952 and 
are now being amortized at a rate to 
clear them in five years. 

It should be noted, too, that the Fi- 
nance Committee, cognizant of the 
studies on Headquarters’ Building ex- 
pansion, has transferred to the General 
Funds all of the Building Fund assets 
represented by the Commonwealth 
Fund, and has deposited an equivalent 
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amount in Savings Funds in the interest 
of liquidity. 

Investments.—Investments of Society 
funds (General, Building, Research, 
Committee, Medal and Lecture Funds) 
as of December 19, 1952, are given in 
the appended auditors’ report, both 
book and market values being shown. 
As of that date the book value of all 
investments was $392,450.47, compared 
with $361,915.06 a year ago; the market 
value of all investments on December 
19, 1952, was $421,020.50. 

The following changes in investments 
during the calendar year 1952 are listed 
as a matter of record: 


GENERAL Funps 


Sold Proceeds 
Bonds 
$20 000 Federal Intermediate Bank Deb. 

Preferred Stocks 

20 sh. Philco Corp. 334%. . 3 748.52 
Common Stocks 

100 sh. Baldwin Lima Locomotive 1 043.51 

100 sh. Baldwin Securities. . 388.84 


50 sh. Dow Chemical Rights 22.71 


100 sh. Lone Star Cement Co 2 472.60 
100 sh. International Harvester Co. 3 275.62 62 
Total Preferred Common and Bonds. $30. 951. 951.80 
Bought Cost 
Bonds 
$15 000 U. S. Treasury 24% 1955-52.... $15 004.69 
15 000 U. S. Treasury 2% 1954-52. ...... 14 943.75 
15 000 U. S. Treasury 2% 1954-52 : 14 962.50 
Common Stocks 
60 sh. Jones & Laughlin Stee! Co. 5 386.73 
utual Funds 

26 sh. Fundamental Investors Inc. 
(Capital Gain) . 503.62 

9sh. Broad Street Investing Corp. 
(Capital Gain) 191.97 

49 sh. Eaton & Howard Balanced Funds 

(Capital Gain). .... 1 497.44 | 

9 sh. Commonwealth Investing = 
(Capital Gain) .. 61.74 

Total Bonds Comme and Mutual 
Funds. .... .. $52 552.44 

Burtpinc Funp 
Bought Cost 


Mutual Funds 
138.927 sh. Commonwealth Investing Co. 


(dividend reinvested) $952.79 
761.005 sh. Commonwealth Ravaating Co 

(1952 depreciation) 5 700.00 

Total Mutual Funds............... . $6 652.79 


REsEARCH FuND 
Sold Proceeds 


Preferred Stocks 


20 sh. Philco Corp. 334%.............. $1 667.70 
29 sh. Consumers Power $4.50....... . 2970.18 
12 sh. Consolidated Edison $5. ....... 1 279.12 
_ Total Preferred Stocks............... $5 917.00 
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Bought Cost 

Mutual Funds 

340 sh. Eaton & Howard Balanced Funds $11 310.19 
9sh. Broad Street 


(dividend reinvested). . 191.97 
Total Mutual Funds................. $11 502.16 
TEMPLIN FunD 
Bought Cost 
Mutual Funds 
1 sh, Eaton & Howard Balanced Funds 
$30.56 
Tour Funp 
Bought Cost 
Mutual Funds 
1 sh. Eaton & Howard Balanced Funds 


1953 Budget: 


In the budget for 1953, current in- 
come has been placed at $716,500, made 
up of dues and entrance fees of $229,000; 
publications sales, $430,500; miscellane- 
ous items, $57,000. 

Estimated disbursements are $701,700, 
made up of publication costs of $285,700, 
salaries (including Staff expansion and 
increases in salaries appropriate to meet 
current conditions), $248,300; gen- 
eral office expenses, meetings and com- 
mittees, headquarters, retirement, and 
miscellaneous, $167,700. 

Comparing estimated income and ex- 
penditures, a favorable balance of 
$15,000 is expected. Actually it is hoped 
this will be considerably greater be- 
cause this is the first year of our tri- 
ennial budgeting period, and we nor- 
mally look to a favorable balance to aid 
in carrying through the leaner second 
and third years. The Finance Commit- 
tee believes the budget reflects a con- 
servative attitude, with income estimated 


somewhat on the low side and disburse- 
ments somewhat on the high side. 

To complete reference to 1953 fi- 
nances thus far this year, it is noted that 
during the first four months the follow- 
ing changes in investments have taken 


place: = 


*45 sh. Eaton & Howard Balanced Fund. 1 440.90 
*5 sh. Broad Street Investing 112.05 


00 


GENERAL Funps 
Bought 
*15 sh. Commonwealth Investment @ 


*21 sh. Fundamental Investors, Inc.. 425.46 
8 sh. Gulf Oil Corp. (dividend). . 
Buripinc Funp 
Bought 
66.225 sh. (Multiple Pur- 
*77.823 sh. Commonwealth.................. 543.98 
RESEARCH FUND 
Bought Cost 
134.46 
*7 sh. Eaton & Howard................ 224. 14 
Temptin Awarp Funp 
Bought Cost 
*1 sh. Eaton & Howard................ 32.02 
Tour Awarp Funp 
Bought Cost 
*1 sh. Eaton & Howard................ 32.02 
Committee Funps 
Bought Cost 
$20 000 U. S. Treasury 2S 12/15/54-53 (X- ~~ 


* Capital Gains Dividend Shares. 


The total book value of Society invest- 
ments as of March 23, 1953, in all funds 
was $415,925. The market value was 
$444,682, divided approximately into 
39.4 per cent, bonds, 10.8 per cent, pre- - 
ferred stocks, and 49.8 per cent, com-‘ 
mon stocks. The Society’s cash balance 
in General Funds as of the same date 
was $376,103. 


Retirement Plan and Social Security 


The ASTM Retirement Plan insti- 
tuted May 3, 1938, has been amended a 
few times since then, the last amend- 
ment becoming effective this year. The 
purpose of this plan is to provide a re- 
tirement benefit or pension for partici- 
pating employees who remain in the 


employ of the Society until retirement 
date. 

In addition to this plan the employees 
are covered by the Social Security Law, 
benefits from which will be in addition 
to the Retirement Plan. ASTM em- 
ployees contribute a percentage of their 
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salary both to the Retirement Plan and 
to Social Security. 

The pension income formula provides 
that the retiring employee receive a 
yearly pension equal to 1 per cent of his 
average yearly base salary multiplied by 
years of service. The average salary would 
be that for his five highest base yearly sal- 
aries, but excluding any portion of salary 
in excess of $6000. This latter figure was 
changed in 1953 from $5000. The Fi- 
nance Committee felt that this change 
would provide a more realistic program 
and ameliorate some of the effects of 
inflation. Each employee affected will 
increase his contribution. (By this change 
in the Plan, an employee with 30 years 
of service on retirement would have his 
income increased by 0.30 times $1000, or 
$25 per month.) 

At the end of 1952 there were 27 partic- 
ipants in the Plan, and two additional 


As mentioned earlier in the report, Mr. 
R. J. Painter has been appointed as Exec- 
utive Secretary to succeed Mr. C. L. 
Warwick. R. E. Hess was appointed As- 
sociate Executive Secretary and Editor- 
in-Chief, continuing his position as Tech- 
nical Secretary. Mr. Painter continues to 
serve as Treasurer. 

There have been a number of other 
changes in the Society’s Staff. 

John S. Pettibone, a member of the 
Staff for several years and concerned 
with varied technical work, including 
especially the various projects on cor- 
rosion, and with recent added responsi- 
bility for District Activities, has been 
advanced to Assistant Technical Secre- 
tary. 

Samuel F. Etris has joined the Tech- 
nical Staff. A graduate in chemistry, 
with his master’s degree in ceramics, he 
will be concerned particularly with some 
of our committee work in the “C” and 
“D” Groups. 
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employees will enter it in May, 1953. 
A number of additional retirement 
policies are being taken out on the May 
3 anniversary date covering employees 
affected by the amendment noted above 
or by changes in salaries. 

The Directors have authorized a 
Group Life Insurance Plan for the Staff 
employees with a policy of $1000 each. 
Upon retirement, the employee will 
have the option of continuing this policy 
at his own expense, without any health 
examination. At the same time there 
will be instituted a hospitalization plan 
on a group subscription basis. The cost 
to the Society of these benefits will total 
about $1400 annually. 

Including Social Security, it is ex- 
pected the Society’s total retirement 
and benefit cost for 1953 will aggregate 
about $20,000, which represents about 
8.1 per cent of the salary budget. 


Administrative Matters 


In April, William F. Black was ap- 
pointed Technical Editor. Mr. Black 
returned to the Staff after a period of 
service in industry. He will be concerned 


largely with development and editing * 


of technical papers, symposiums, etc., 
including editorial work on the ASTM 
BuLLETIN and miscellaneous assign- 
ments where his editing facilities will 
be most helpful. Sheldon E. Fitterer, 
formerly of the Standards Department, 
who has had experience in advertising 
and marketing, was transferred to work 
in the field of advertising and develop- 
mental activities. 

We are fortunate in being able to 
maintain a loyal Staff. Every department 
has had increasing loads during 1952 
and these have been intensified during 
the first months of 1953, the 1952 Book 
of Standards and the unusually large 
number of technical publications and 
compilations creating greatly increased 
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I 
a 


— 
ANNUAL REPORT OF BOARD OF DIRECTORS 53 


publication, accounting, and sales-order 
activities. 
Society Headquarters: 

In late 1951, the Society acquired a 
lot at the rear of the present Head- 
quarters’ Building which has about twice 
the area of the original purchase. The 
steadily growing work of the Society 
necessitating an increase in technical 
staff operations, the handling of more 
publications and orders, and the neces- 
sity for additional space for records, 
business machine facilities, and related 
equipment, is taxing the present build- 
ing facilities. A special committee of 
the Board has been examining into the 
best means of making the necessary addi- 


Cooperative 


The Society has many cooperative 
activities with other technical and sci- 
entific groups. Many of these have been 
under way for years and carried out as 
regular procedure. A few of these follow: 
the work of Technical Committee A on 
Automotive Rubber (a Joint SAE- 
ASTM project); the Joint Committee 
on Filler Metal (an American Welding 
Society-ASTM activity); Joint Com- 


mittee on Effect of Temperature (ASME-” 


ASTM project); Joint Committee on 
Paper Testing Methods (TAPPI- 
ASTM); Paint, Varnish, and Lacquer 
(Federation of Paint and Varnish Pro- 
duction Clubs-ASTM). There are a 
number of other joint committees listed 
in the ASTM Year Book, and there is 
given also a list of Society representa- 
tives in other activities, including sec- 
tional committees organized under the 
auspices of the American Standards 
Association, many of which are sponsored 
by the Society. Each year the Society 
representatives are asked to submit re- 
ports on matters of moment that are of 
concern to ASTM. The time devoted to 


tional facilities available. Conferences 
have been held with the Moore Insti- 
tute of Art and the Academy of Natural 
Sciences, our immediate neighbors in the 
block. An architect is engaged in studies 
which may include preliminary plans 
for expansion. 

Details of the building fund are given 
in another section of this report. The 
Headquarters’ Building and the Cherry 
Street lot are carried on the balance sheet 
as an asset of $184,811.50 after deprecia- 
tion. The Finance Committee is ac- 
celerating the amortization of the proper- 
ties at a rate which would pay off the 
notes outstanding on them in about five 


this work is another indication of the 
splendid support ASTM receives from 
its members and representatives. The 
work of our representatives and their 
reports are very effective in coordinat- 
ing technical work and avoiding to a 
considerable extent duplication of ef- 
fort. With such a tremendous load being 
carried by the engineering fraternity 
today, it seems important that our ef- 
forts be concentrated and that there be 
as little duplication of effort as possible. 
This has been a consistent policy of the 
Society since its inception. 

Another example of a cooperative ar- 
rangement involves the new committee 
on soil conditioners where the Associa- 
tion of Official Agricultural Chemists 
will sponsor a joint committee which 
will be organized promptly to develop 
necessary data and subsequently to 
develop methods of evaluation for these 
relatively new materials which are com- 
ing into widespread use. ASTM work 
in this field was authorized at the Sep- 
tember meeting of the Board. 

The Society is vitally interested in the 


Activities 


— 
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work of the Standards Division of the 
Federal Services of Supply, which oper- 
ates under the General Services Ad- 
ministration of the Federal Government, 
and also in the work of the Defense Sup- 
ply Management Agency which was 
created to coordinate the testing and 
specification requirements of the Armed 
Services. Two conferences were held in 
Washington with responsible individuals 
in these groups—the first in the office 
of Clifton E. Mack, Commissioner of 
the Federal Services of Supply, with 
W. S. MacLeod, Chief, Standard Divi- 
sion, and other Government men present. 
The second conference was a joint one 
with representatives of the Standards 
Division, Federal Services of Supply, 
and the Defense Supply Management 
Agency. Because of legal problems which 
may be involved in coordinated effort, 
representatives of legal staffs were in 
attendance. The ASTM representatives 
included a special committee of the 
Board of Directors on Government con- 
tacts headed by N. L. Mochel, with 
Messrs. Schatzel and Anderton present 
at the second conference. Representa- 
tives of the American Standards Asso- 
ciation attended the joint conference 
also. (It is of interest that if the plan of 
the President and his advisers becomes 
effective, the Munitions Board, Research 
and Development Board, and the DSMA 
would be discontinued, although in the 
case of the latter the work would con- 
tinue under an Assistant Secretary of 
Defense, and with this setup the work on 
cataloging and standards coordination 
could be strengthened and expedited.) 
There is no question of the desirability 
of coordinating such specifications and 
tests as are issued by the Society and 
other recognized standard bodies (many 
of which may have received approval by 
ASA) with the requirements of the 
military and civilian branches of the 
Government. In fact, many ASTM 


standards are now embodied in Federal 
requirements, for example, in the testing 
of petroleum. The Society has indicated 
its earnest desire to cooperate fully in 
any rationalization approach. Some of 
the ASTM technical committees are now 
aiding and advising appropriate Govern- 
ment agencies. It is the strong desire of 
industry, and unquestionably beneficial 
to Government as well as industry, to 
have effective coordination, and the 
current administration has indicated its 
support of this ideal. 

In any discussion of this involved 
problem, reference should be made to 
the outstanding cooperation that has 
existed for many years on the part of 
many of the civilian and military 
branches of the Government in sup- 
porting the work of the Society along 
technical as well as administrative lines. 


Ordnance Advisory Committee: 


There has been set up for some time 
an ASTM Ordnance Advisory Commit- 
tee to cooperate in some of the problems 
of the Ordnance Department of the 
Army. Panels of this group hold periodic 
meetings, these covering such subjects 
as adhesives, plastics, and rubber. 

During the year, there was a clarifica- 
tion of the legal status of this commit- 
tee, and since the members have indi- 
cated their willingness to continue 
service and since ordnance officials 
desire it, the directors are recommend- 
ing that the committee continue. Es- 
sentially this is a special committee and 
does not fall into the category of an in- 
dustry advisory committee. 


Office of Defense Mobilization: 


The 1952 Report of the Directors de- 
tailed an arrangement that had been 
set up with the Office of Defense Mo- 
bilization by which J. R. Townsend, 
supplemented by an engineer at ASTM 
Headquarters, gave advice and assistance 
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to the ODM on matters concerning 
conservation of materials. Several con- 
ferences that were held on such matters 
as nickel and cobalt were detailed in the 
May and September 1952 issues of the 
ASTM Bvuttetin. The contract with 
ODM was terminated on September 1, 
1952. 


American Standards Association: 


The Society has continued its active 
support of the work of the American 
Standards Association in many technical 
and administrative lines. The accom- 
panying report of the Administrative 
Committee on Standards (Appendix II) 
gives some detail of our relations with 
the ASA. 

A large number of ASTM standards 
have received approval as American 
standard through the various methods 
that can be used in submitting recom- 
mendations. Once a specification or test 
has been approved by ASA, there is the 
matter of keeping it up to date. Both a 
new submittal and the submission of 
revisions involve considerable time and 
effort. This problem is receiving the 
study of the appropriate ASA and ASTM 
officials. One proposal that would ex- 
pedite the work is that the ASTM Ad- 
ministrative Committee on Standards be 
designated to function as a reviewing 
committee of ASA to consider any ASTM 
standards submitted for ASA approval. 
This matter is still being studied. Despite 
the widespread recognition given to the 
ASTM standards as such, approval by 
ASA does give some added prestige and 
recognition and further publicity results. 

K. G. Mackenzie was appointed an 
ASTM representative in the Standards 
Council, and he serves with J. R. Town- 
send and J. H. Foote, our two other 
representatives. Other ASTM appoint- 
ments on ASA committees include the 
following: L. B. Jones reappointed to 
ASA Mechanical Standards Committee; 


R. C. Thumser reappointed to ASA 
Chemical Industry Correlating Commit- 
tee; G. H. Harnden reappointed to Mis- 
cellaneous Projects Correlating Commit- 
tee; J. H. Foote appointed to succeed 
F. M. Farmer on ASA Electrical Stand- 
ards Committee. 

Other appointments on Sectional Com- 
mittees have been listed in the ASTM 
BULLETIN or under the section on Ap- 
pointments in this report. 


International Activities: 


A summary of the contacts of the 
Society with international standardiza- 
tion activities, especially those in the 
International Organization for Stand- 
ardization (ISO), appears in the ap- 
pended report of the Administrative 
Committee on Standards. References 
are made to work in the following fields: 
textiles, petroleum products, solid min- 
eral fuels, rubber,’ viscosity, plastics, 
shellac, iron and steel, chemistry, labora- 
tory glassware, terms on chemical and 
physical test results, mica, copper and 
copper alloys, paper, and timber. Several 
ASTM committees handle the American 
contacts with ISO committees, and 
America holds the secretariat for some of 
these ISO groups. 

The Society will be represented at the 
International Soils Conference to be 
held in Ziirich in August. The ASTM 
representatives will be W. G. Holtz, 
U. S. Bureau of Reclamation, and 
Gregory P. Tchebotarioff, Princeton Uni- 
versity. 

The Society during the year welcomed 
many visitors from abroad, and several 
of the teams sponsored by the Mutual 
Security Agency have visited ASTM 
Headquarters. 


Appointments: 


The following appointments made 
during the year relate to our cooperative 
activities: 


| 
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J. H. Foote, Commonwealth Services, Inc., 
to succeed F. M. Farmer, on the ASA Electrical 
Standards Committee; 

L. B. Jones, Consulting Engineer, reappointed 
to ASA Mechanical Standards Committee; 

R. C. Thumser, Monsanto Chemical Co., re- 
appointed to ASA Chemical Industry Correlat- 
ing Committee; 

G. H. Harnden, General Electric Co., re- 
appointed to Miscellaneous Projects Correlat- 
ing Committee; 

H. S. Meissner, U. S. Bureau of Reclamation, 
on ASA Sectional Committee A-1 on Hydraulic 
Cements, succeeding H. S. Mattimore, Miller- 
Warden Associates; 

R. E. Hess, Associate Executive Secretary, 
ASTM, on ASA Sectional Committee A-39 
on Window Cleaning; 

L. D. Betz, W. H. & L. D. Betz, succeed- 
ing F. N. Speller, Metallurgical Consultant, 
on the Joint Research Committee on Boiler 
Feedwater Studies; 

R. J. Painter, Executive Secretary, ASTM, 
on Executive Committee of Conference of 
Executives of ASA Member Bodies (CEOM); 

R. J. Painter, to the Council of the Ameri- 
can Association for the Advancement of Sci- 
ence; 

H. J. Ball, Lowell Textile Institute, reap- 


- pointed to ASA Consumer Goods Committee; 


Walter M. Scott, U. S. Department of 
Agriculture, as an additional ASTM representa- 


tive on the Joint ASTM-AATCC Committee on 


Textile Test Methods; 


W. J. Krefeld, Columbia University, for 
J. W. Whittemore, Virginia Polytechnic Insti- 
tute, on ASA Construction Standards Board; 

J. S. Nelson, Monsanto Chemical Co., for 
H. K. Nason, Monsanto, on ASA Sectional 
Committee Z26 on Safety Glass; 

C. A. Baker, U. S. Testing Co., on ASA Sec- 
tional Committee Z66 on Hazards to Children; 

K. G. Coutlee, Bell Telephone Labora- 
tories, on ASA Sectional Committee C55 on 
Capacitors, succeeding E. O. Hausmann, Conti- 
nental-Diamond Fibre Co.; 

R. E. Hess, Associate Executive Secretary, 
ASTM, to succeed C. L. Warwick, deceased, 
on ASA Sectional Committee A-21 on Cast 
Iron Pipe, serving as Treasurer; 

K. G. Mackenzie, Texaco Development 
Corp., to succeed C. H. Rose, National Lead 
Co., on ASA Standards Council; 

P. M. Brister, Babcock & Wilcox Co., as a 
member of the Joint Committee on Effect of 
Temperature on the Properties of Metals. 


Respectfully submitted on behalf of 
the Board of Directors, 
H. L. MAxweE Lt, 
President. 


R. J. PAINTER, 
Executive Secretary. 


June, 1953. 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR JANUARY 1 
TO DECEMBER 19, 1952 


Philadelphia, January 9, 1953 


Mr. R. J. Patnter, Executive Secretary 
AMERICAN SOCIETY FOR TESTING MATERIALS 


Dear Sir: 

We have examined the books and accounts of the American Society for Testing Materials for 
the period ended December 19, 1952, the date the society closed its books for the year 1952. We did 
not make a detailed audit of all transactions, but made tests to the extent we considered appropriate 
in determining the accuracy of the accounts. 

Cash on deposit in checking and savings accounts was verified by direct mail confirmation with 
the various depositories and reconciled with the cash records. Accounts receivable were not verified 
by correspondence with debtors. The investments owned by the Society, as detailed on pages 9 
to 12, were examined by us. Such securities are held in safe deposit box of the Society at the Girard 
Trust Corn Exchange Bank. Income from investments for the period under review was verified by 
us and properly recorded on the books of the Society. 

We have prepared and submit herewith balance sheet as of December 19, 1952, statement of cash 
receipts and disbursements for the period ending that date, and other supporting schedules which, 
in our opinion, subject to the foregoing comment, present fairly the financial position of the Society 
on December 19, 1952, and the results of its operations for the period ended that date. 


® 


Respectfully submitted, 


Joun Heins & Co, 
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Cash 

Less Check No. 1203 as of December 17, 1952 (drawn 
against cost of 1952 Proceedings and i952 Book of 


200 
Investments (Market Value $306 052.75)—Cost..... 282 493.36 a 


Notes Receivable (Building Fund)................. 36 000.00 — 
Advance to Forest Products Laboratory............ 500.00 


Total Current Assets General Funds.. paw aed . $546 081.77 
Furniture and Fixtures (depreciated book value).. 22 475.95 


Building Fund: 


ined (Ca) (Market Value $32 054.98)—Cost................. 33 132.31 
Building and construction costs.................... 156 390.87 
Less Reserve for depreciation...................... 31 450.00 124 940.87 
Land and — 1915-19 Cherry Street, 
' Other Special and Designated Funds: 
Cash: ASTM Research Fund...................... 5 685.36 
Dudley Medal and Marburg Lecture Fund.......... 1 419.91 
Richard L. Templin Award Fund.................. 83 .06 
Investments: 
= Research Fund (Market Value $61 345.53)— 
Dudley Medal and Marburg Lecture Fund (Market 7 
Value $5 327.50)—Cost. . 6 625.00 
Richard L. Templin Award Fund (Market. Value) 
Sam Tour Award Fund (Market Value $1 633.53)— 
Committee Funds (Market Value $13 517. 19)—Cost 14 000.00 76 824.80 ; 


Total Assets, Special and Designated Funds...........................-. $215 995.94 
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LIABILITIES 
General Funds: 


Advance Collections............. $10 793.46 
Accounts Payable: 
142.63 
Joint Committee on X-ray Diffraction............ 75 019.36 
551.52 
e 
Total Current Liabilities, General Funds.................... $86 506.97 : - 
Book of Standards Reserve. 101 900.18 
Executive Retirement Reserve.................... 15 992.00 
Retireinent Fund 24 042.77 
Reserve for Depreciation of Investments............ 20 000.00 . 
Reserv? for Additional Cost of Replacement of Head- 
Special Annual Meeting Entertainment Account. ... . 8 586.64 
302 733.46 
Total Liabilities and Surplus, General Funds...................0.000000: $568 557.72 
Building Fund: 
Contributions from ASTM General 10 969.57 
Accumulated Income, Profit on Investments.................... 1 065.73 , q 
Notes Payable to ASTM General Fund......................... 000.00 
Other Special and Designated Funds: 
ASTM Research Fund: 
Dudley Medal and Marburg Lecture Fund: : 
Richard L. Templin Award Fund: 
Sam Tour Award Fund: 
Committee Funds, Unexpended Balances...................---- 145 873.81 
$215 995.94 
_ COMPARISON OF GENERAL Founps FOR FISCAL YEARS 1948-1952 INCLUSIVE. 
Assets | Liabilities 
Fiscal Year | Furniture Reserve for| Miscel- | 
1 ear Accounts Ac serve tor ASCEl- 
Cash [Investments| Book of lancous Surplus 
$50 691.65) $191 497.99) $46 748.11 | $17 261.45 | $7 777.78 7. my 00) $31 260.92 | $227 160.50 
56 379.22) 192 325.57) 36 382.87 4 078.39 | 12 349.77 000.00) 31 580.92 | 219 235.36 
. 147 957.36| 222 662.96) 50 692.18 7 959.00 | 59 919.59 a 900.18) 65 973.89 | 251 477. * 
164 497. 263 995.13) 77 239.16 18 758.61 | 72 990.86 | 101 900.18) 90 536.48 | 259 063.1 
re 200 537.56) 282 493. -36| 63 050.85 | 22 475.95 | 86 506.97 | 101 900.18) 114 326.31 | 265 824. 6 
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Pervert 


Committee B-3 On Corrosion of Non-Ferrous Metals and enegt 
Committee B-6 On Die-Cast Metals and Alloys. : R 
Committee B-8 On Electrodeposited Metallic Coatings. . mee 
Committee C-1 On Cement (General Funds)....................... 
Committee C-1 Cement Reference Laboratory..................... 
Committee C-9 Sanford E. Thompson Medal Fund. ............... 
Committee C-9 On Concrete and Concrete Aggregates.............. 
Committee C-15 On Manufactured Masonry Units................. 
Committee C-16 On Effect of Moisture in the Performance of Thermal 
Committee C-18 On Natural Building Stones and Slate............. 
Committee D-1 On Paint, Varnish, Lacquer, and Related Products. . 
Committee D-2 On Petroleum Products and Lubricants. 
Committee D-2 D.C.C. Reference Fuel Account................... 
Committee D-2 D.C.C. National Exchange Group................. 
Committee D-2 D.C.C. Equipment Development Project........... 
Committee D-5 On Coal and Coke........ 


Committee D-9 On Electrical Insulating Materials................. 
Committee D-10 On Shipping 
Committee D-11 On Rubber and Rubberlike Materials............. 
Committee D-12 On Soaps and Other Detergents.................. 
Committee D-13 On Textile 
Committee D-15 On Engine 
Committee E-3 On Chemical Analysis of Metals................... 
ASA Sectional Committee on Specifications for Cast Iron Pipe....... 
Philadelphia District (Annual Meeting Account)................... 
Western New York—Ontario District... 
Advisory Committee on Corrosion. 
Administrative Committee on Ultimate Consumer Goods........... 
Joint Committee on X-ray Diffraction........................005- 
Joint Committee on X-ray Diffraction Research A-sociate.......... 


$145 873.81 
Accounted for as follows: 
Investments (at cost)...... 14 000.00 


& $145 873.81 
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ComMITTEE FuNDS 
I 
Committee A-5 On Corrosion of Iron and Steel. . 1 109.85 
2 534.83 
2 697.56 
11.25 
1 655.61 
633.79 
1 016.32 
151.17 
404.33 
6 845.00 
398.99 
528.45 
2 356.35 eed 
348. > 
6.95 
1 561.06 
1 839.02 : 
2 085.60 
19.49 4 
81.75 = 
489.75 
1 121.19 
43.00 
159.54 
204.31 
1 391.40 = 
425.58 
711.31 
525.85 7 
225.72 
70 272.31 
208 .30 
11 175.53 
5 166.72 
= « 
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DupLtEy MEDAL AND MarBurRG LECTURE FuND 


Balance, January 1, 1952: 


Principal—Investments (at cost)..... $6 625.00 
Receipts: =" 
Disbursements: 
8 044.91 
Accounted for as follows: 
Ricuarp L. Temptin Awarp Funp 
Total Invested Uninvested 
Cash 
Principal Account: 
Balance, January 1 006.56 994 .62 11.94 
Receipts 
Disbursements: 
1 037.12 1 025.18 11.94 
Income Account: 
Receipts: 
Interest and dividends on 72.56 127.93 
Disbursements: 
Sam Tour Awarp Funp 
Uninvested 
Total Invested Cash 
Principal Account: 
Receipts: 
Transfer a 30.56 30.56 
Disbursements: 
1 537.56 1 537.56 0.00 
Income Account: 
Receipts: 
Interest and dividends on investments. 93.81 139.56 
Disbursements: 


a 


Principal Account: 
Balance, January 1, 1952. $190.55 
its: 
—261.89 —6 178.89 5 917.00 
Transfer from Income Account 5 099.00 5 099.00 
Disbursements: 
53 671.45 53 637.06 34.39 
Income Account: 
Receipts: 
Interest and dividends on investments..................ee00005 2 223.76 11 258.39 
Disbursements: 
ASTM-ODM Funp 
Receipts: 
Cash from United States Government..................00000005 6 105.11 8 605.11 


Disbursements: 
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Return of advance to general funds. ..................00020000 2 500.00 8 605.11 
= ‘eel 
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RECEIPTS AND DISBURSEMENTS } 
For THE PERIOD JANUARY 1, 1952 TO DECEMBER 19, 1952 


RECEIPTS 
Operating Receipts (Budgeted) 
Dues and Entrance Fees Sea 
Income, Life Membership Fund................. 175.00 
Sales of Publications: 
Book of Standards (Members, additional parts).... 54 919.35 _ 
39 300.53 
1950 Supplements to Book of Standards.......... 17 341.05 
1951 Supplements to Book of Standards.......... 46 148.98 - 
Methods of Chemical Analysis of Metals......... 5 010.42 
60 561.48 
Selected Standards for Students. . 4883.95 
Spring Meeting 1 441.50 
Bulletin Subscriptions (non-members). ........... 3 093.14 
Special and Miscellaneous Publications. .......... 67 897.50 
Miscellaneous: 
Registration and Other Fees—Meetings.......... 14 277.30 
Annual Meeting 16 242.75 
Milscellameous. 
Total Operating Receipts (Budgeted). 648 352.34 
Nonoperating Receipts (Not Budgeted): 
Investments Matured or Sold...................:: 30 967.31 
Committee C-1 for Technical Assistant............. 2 780.00 
Retirement Fund Reserve.................-.-0-00005 15 980.59 
Executive Retirement 504.60 
Joint AIME-ASTM Publication Fund.............. 75.25 
Sale of X-ray Diffraction Cards.................... 42 906.25 
Institute of Petroleum Publications................. 473.74 
From Building Fund on Account of Loan........... 4 778.61 
Annual Meeting Luncheons.................... aA 1 280.00 
Return of Advance to ODM Project............... 2 500.00 ' 
Special Annual Meeting Entertainment Account (At- 
Annual Meeting Dinner and Buffet Supper.......... 3 366.75 
ts for 1952 and Cash Balance, Janu- 
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DISBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: 

1 836.69 

1951 Supplements to Book of Standards.......... 6 053.15 

Emergency Alternate Standards................. 1 362.24 

Compilation of 26 033.87 

Spring Meeting Papers... 815.15 

Special and Miscellaneous Publications........... 42 537.69 

Total 259 822.50 
Expenses—Technical and District Committees. .... . 11 827.30 

Headquarters Occupancy Expense (includes $5 700 de- 

24 001.50 
American Standards Association................... 1 750.00 
Traveling Expense, Administrative and Special Com- ; 

Dues, Contributions, Miscellaneous................ 400.07 ( 
Employees’ Retirement Fund..................... 3466.0 
Federal Old Age and Survivors.................... 2 314.16 360 207.67 

Total Operating Disbursements (Budgeted)................. 620 a0. 26 

Nonoperating Disbursements (Not Budgeted): 

Refund of Excess Remittances.................... 2 562.83 © 
Investments. 
Technical Assistant Committee C-1................ 2 668.68 
Transfer to Joint Committee on X-ray Diffraction. 20 000.00 
Cost and Refunds on X-ray Diffraction Cards....... 15 250.86 
Transfers to New York Committee on Arrangements. 3 557.54 
Annual Meeting Luncheon........................ 1 933.98 
Advance to ASTM-ODM Project.................. 2 500.00 — 
Executive Retirement Fund....................... 1 332.00 | 

Total Nonoperating Disbursements........................ 109 358.68 

$200 537.56 

e hens accounts include $83,000 representing a check drawn against cost of the 1952 Proceedings and 1952 Book of 
Standards, but not actually paid on December 19, 1952. a 
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ASTM BUILDING FUND 7 
Detaits OF ASTM Buitpinc Funp CasH RECEIPTS AND DISBURSEMENTS 
For THE PERIOD JANuARY 1, 1952 TO DECEMBER 19, 1952 
Receipts 
Contributions from 878.87 
Interest and Dividends on 1 290.29 


From ASTM General Fund: 
On Account of Depreciation on Building, Elevator and 
On Account of Interest and Amortization of Note............... 5 907.34 14 106.50 


15 678.78 
Disbursements 
Purchase of 899.932 shares Commonwealth Investment Co........... 6 652.79 
Contributions to ASTM Research 330.00 
377.34 
Improvements to Cherry Street Property: 
Interest on Loan from ASTM General Fund...................... 1 128.73 
Reduction of Loan from ASTM General Fund....................- 4 778.61 13 959.49 
Cash Balance, December 19, 1952....... $1 719.29 


> This represents rent from 1915 Cherry Street. 
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+ ASTM BUILDING FUND 
DETAILS OF ASSETS AND LIABILITIES OF BUILDING FuND AS OF DECEMBER 19, 1952 


Assets 
Cash in Girard Trust Corn Exchange Bank, Philadelphia, Pa....................... $1 719.29 
Investments: (Market value $32 054.98) 
$8 500 U. S. Treasury Bonds 24s 1967-72................ 8 632 
5 000 U. S. Savings Bonds Series G 2}s.................... 5 
2 746 405 Shares Commonwealth Investment Co................... 19 499 


Property 1916-18 Race Street, Philadelphia, Pa: 


Zoning Fees and Permits............... 
Air Conditioning Unit.................. 
Exhaust System for Basement........... 
Real Estate Agent’s Fee................ 


131 040.44 
Less Proceeds from Sales and Salvage of 
Equipment and Rentals.......... 1 152.92 129 887.52 


156 390.87 
Reserve for Depreciation (provided from 


Property 1915-19 Cherry Street, Philadelphia, Pa: 
Commission to Agent.................. 1 375.00 
303.61 29 178.61 


Improvements: 


.00 
Quarry Street entrance............... 265 .02 692.02 29 870.63 184 811.50 


Contributions from ASTM General Funds.......................... 10 969.57 
Accumulated Income: 
Interest and Dividends on Investments............... 4 357.76 
Profit on Disposal of Securities, net.................. 76.27 


4 434.03 
Less Interest on Loan from General Fund... .2 990. 
Real estate taxes on Cherry Street... .. 377.34 3 368.30 1 065.73 
Notes payable to ASTM General Funds. 36 000.00 


> 
$6503.35 
26 503.35 
Construction 
0.00 
154 940.87 
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_ INVESTMENTS 
As OF DECEMBER 19, 1952 


Cost or Book Value 
Par Value Bonds Market Value 


GENERAL FuNnDs 


$4 000 Erie R.R. Co. Gen. Conv. Income “A” 44s 1/1/2015....... $2 832.00 $3 230.00 
37 600 U. S. Savings Bonds Series G 24s... 37 600.00 36 058.80 
000 Walworth Co. 34s Conv. Deb. 5/1/76... 5 496.53 3 837.50 
14 943.75 14 906.25 
14 962.50 14 934.38 
$90 839.47 $87 962.24 
Shares Preferred Stocks 
25 Allis-Chalmers Mfg. Co. 34s cumulative convertible........ $2 220.60 $3 
67 American Airlines, Inc. 34s cumulative convertible......... 5 911.55 5 
50 Chicago, Rock Island & Pacific R.R. Co. 5s “A” cumulative 
50 Food Machinery and Chemical Co. 3}s cumulative convertible 4750.10 5 
60 Jones and Laughlin Steel Corp. 5% cumulative “A”....... 5 386.73 5 
$22 703.58 $23 170.00 
Common Stocks 
Allis-Chalmers Mfg. Co., no par $4 170.75 $6 050.00 
American Rad. & Std. Sanitary 1 564.32 1 412.50 
25 American Telephone & Telegraph Co..................... 3 798.72 3 925.00 
7 370.97 6 550.00 
3 944.32 6 757.50 
3 312.82 3 512.50 
a 6 273.27 9 975.00 
6 406.67 6 400.00 
200 Lone Star Cement Co............. 4941.44 6075.00 
‘ 2 646.41 2 756.25 
4 352.72 6 450.00 
Public Service & Co... 4558.50 3 359.38 
$80 619.68 $99 537.51 
Mutual Funds 
534 Commonwealth Investment 3 552.99 3 716.64 
2 046 Eaton & Howard Balanced Fund.....................45. 61 670.77 65 533.38 


$88 330.63 $95 383.00 


@ Market values were taken from current financial publications as of close of market December 19, 1952. 


a 
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ASTM Butitpinc Funp 
Cost or Book Value 


4 Value Bonds Market Value 

$8 500 U. S. Treasury 24s 632.83 $8 160.00 
5 000 U. S. Savings Bonds, series G 5 000. 4 780.00 
$13 632.83 $12 940.00 

Shares Mutual Funds 
746 405 Commonwealth Investment Co... ... $19 499.48 $19 114.98 

ASTM ReEsEaRcH FunD 
Par Value Bonds 

$i 500 B. & O. R.R. Ref. & Gen. 5s, Series M 3/1/96............ $1 511.25 $1 220.63 
9 900 U. S. Defense Savings Bonds, 6.5. 9 900.00 9 529.20 
2 000 U. S. Treasury 24s 3/15/70-65 2 000.00 1 928.13 
$13 411.25 $12 677.96 

Shares Preferred Stocks 
30 Allis-Chalmers Mfg. Co. 34s cumulative convertible. ....... $3 007.22 $3 615.00 
33 American Airlines, Inc. 3$s cumulative convertible. ........ 3 366.00 2 640.00 
$6 373.22 $6 255.00 

Sharws Common Stocks 
100 Allis-Chalmers Mfg. Co.—no par value.................... $4 421.59 $6 050.00 
196 General Motors Corp.—Gift*......................00000 6 504.75 13 328.00 
2 636.06 2 250.00 
; $16 714.03 $24 996.75 

Shares Mutual Funds 
289 Broad Street Investing Corp..................0.ceeeeeees $5 828.37 6 525.62 
Eaton and Howard 11 310.19 10 890.20 
$17 138.56 $17 415.82 


DupLEY MEDAL AND MARBURG LEcTURE FUND 
Cost or Book Value 


Par Value Bonds Market Value 
$500 B. & O. R.R. Ref. & Gen. Mtg., 6s Series J, 1995........ $550.00 $460.00 
6 000 B. & O. R.R. Ref. & Gen. Mtg., 5s Series G, 6075.00 4 867.50 
$ 6 625.00 $5 327.50 
Shares 


34 Eaton and Howard Balanced Fund...................... 
Sam Tour Awarp Funp 


$1 025.18 $1 089.02 


Shares 
51 Eaton and Howard Balanced Fund...................... $1 537.56 $1 633.53 
ComMitTEE Funps 

Par Value 
$1 000 U. S. Treasury Bonds 2s 1960-55...................004. $1 000.00 $1 027.50 
2 000 U. S. Treasury Bonds 24s 1969-64....................... 2 000.00 1 937.50 
3 000 U. S. Treasury Bonds 24s 1970-65. 3 000.00 2 892.19 
3 000 U. S. Treasury Bonds 2$s 1972-67... ...............0000 3 000.00 2 880.00 
5 000 U. S. Treasury Bonds Series G 24s. ..............20.0000e 5 000.00 4 780.00 
$14 000.00 $13 517.19 


® The income from these shares is, by agreement, paid to an annuitant. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON STANDARDS 


The Administrative Committee on 
Standards has, in accordance with its 
regulations, carried out over the year 
various activities. Its principal function, 
however, has been the passing upon 
tentatives and revisions which have been 
submitted to it. Hereinafter is included a 
complete record of such recommenda- 
tions as have been approved.! These 
actions include 30 new tentatives ac- 
cepted during the year as well as re- 
visions of 69 tentatives, tentative re- 
visions of 10 standards, 8 standards 
reverted to tentative, 9 standards and 
tentatives withdrawn, and the with- 
drawal of emergency alternate provisions 
in 2 standards. A large number of these 
were acted upon at meetings of the com- 
mittee held on September 5, 1952, and 
December 12, 1952, and the remainder 
were handled by correspondence. 

The committee has continued its 
efforts toward improvement of quality 
and form of standards. At the instigation 
of the Standards Committee, editorial 
committees have been organized by a 


number of the technical committees.” 


Also at the instance of the committee, 
the Board of Directors has arranged with 
Committee E-1 for preparation of a 
manual on the form of ASTM methods 
for guidance of the technical committees. 
It is planned that when this manual is 
completed it will be put in the hands of 
subcommittee and group leaders engaged 
in the writing of methods of testing as 
well as in the hands of technical commit- 
tee chairmen and officers. It is believed 
this will aid the committees in the treat- 
ment of certain important features such 
as editorial form, accuracy, reproduci- 
bility, etc. 


1 This list is not reproduced here; the recommen 


year in the ASTM 


Burietin.—Ed. 


_ APPENDIX II 


The committee had submitted to it 
during the year the question of having a 
recognized definition of a classification 
since several classifications presently 
appear in the Book of Standards although 
this category is not specifically referred 
to in the Regulations Governing Techni- 
cal Committees. The following definition 
was accordingly prepared by the com- 
mittee for incorporation in the Regu- 
lations: 


“A classification as applied to materials 
or products may be defined as a systematic 
arrangement or division into groups based on 
similar characteristics such as origin, com- 
position, properties or use.”’ 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 


Gasket Materials.—Consideration is 
being given to the desirability of expand- 
ing the work which has been done in the 
Society on gaskets, through the forma- 
tion of a new committee to cover sundry 
gasketing and packing materials. A 
conference on this subject is being ar- 
ranged at which it is proposed to review 
the various uses of gasketing and packing 
materials and the extent of coverage that 
should be included, also the type of 
materials. 

Soil Conditioners—A new committee 
on soil conditioners has been authorized 
by the Board of Directors with Prof. W. 
P. Martin of Ohio State University as 
temporary chairman. It is planned to set 
this up as a joint committee of the ASTM 
and the Association of Official Agri- 
cultural Chemists in view of the latter’s 
interest in identification tests for soil 
conditioners. The interest of ASTM is in 
the evaluation or performance tests. 

Other Pending Proposals.—At various 
times inquiries have been received | and 
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proposals have been submitted with 
respect to the Society undertaking work 
in the field of ore sampling, surface 
chemistry, abrasives, water-repellent so- 
lutions for masonry surfaces, ion ex- 
change, osmotic diaphragms, autoclave 
pressure field, and heavy chemicals. 


RELATIONS WITH AMERICAN 
STANDARDS ASSOCIATION 


Two methods under the procedure of 
the American Standards Assn. are used 
by ASTM in submitting recommenda- 
tions to the ASA. One is a combination 
of the so-called existing standards pro- 
cedure and the proprietary sponsorship 
procedure. On the initial reference of an 
existing ASTM standard to the ASA, it is 
submitted under the existing standards 
procedure with a supporting statement 
giving a history of the development of 
the standard and indicating the degree of 
its acceptance. If the standard is ap- 
proved as American Standard, the ASTM 
is granted proprietary sponsorship so far 
as any future revisions are concerned, 
and such revisions are brought to the 
attention of the ASA currently for 
approval under this proprietary sponsor- 
ship procedure. 

The second method consists of having 
standards reviewed in a sectional com- 
mittee made up of representatives of a 
number of interested organizations but 
with ASTM as sponsor or co-sponsor for 
the sectional committee. 


Standards Submitted under the Existing 
Standards Procedure: 


The following standards were sub- 
mitted to the American Standards Assn. 
for approval as American Standard 
under the existing standards procedure: 


Standard Spec. for Building Brick (Solid 
Masonry Units Made from Clay or Shale) 
(C 62-50), and 

Standard Spec. for Facing Brick (Solid Masonry 
Units Made from Clay or Shale) (C 216-50). 


Revised Standards Submiited under the 
Proprietary Procedure: 


In view of the Society having been 
designated as proprietary sponsor for the 
revisions of ASTM standards that had 
been approved as American Standard 
under the existing standards procedure, 
it has submitted to the American Stand- 
ards Assn. during the year revisions of 
one specification relating to malleable 
iron castings, 9 relating to copper and 
brass materials, 3 standards relating to 
gypsum, 9 relating to manufactured 
masonry units, 4 relating to rubber and 
rubber products, 2 relating to paint pig- 
ments, 1 relating to rosin, and 2 relating 
to soap. 


Standards Submitied under Sectional Com- 
mittee Procedure: 


During the year, reports were received 
from four of the sectional committees for 
which the Society is sponsor or co- 
sponsor as follows: 

Sectional Committee A88 on Magnesium 
Oxychloride Cement Flooring — This com- 
mittee has recommended the approval as 
American Standard of Specifications for 
Non-Spark Conductive Oxychloride 
Composition Flooring and Its Instal- 
lation. 

Sectional Committee C7 0:1 Bare Electri- 
cal Conductors—This committee has 
recommended the approval of revisions 
of 29 American Standards. 

Sectional Committee L14 on Textile Test 
Methods—This committee has recom- 
mended the approval of revisions of 13 
American Standards. 

Sectional Committee Z11 on Petroleum 
Products and Lubricants —This commit- 
tee has recommended the approval as 
American Standard of 4 ASTM Methods, 
and the approval of revisions of 22 
American Standards. 


All of these reports have been referred 
to the American Standards Assn. Action 
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is still pending so far as the recommenda- 
tions of Sectional Committee A88 and 
Sectional Committee L14 are concerned; 
the others have been approved. 


INTERNATIONAL RELATIONS 


The Society continues to receive from 
other countries standards with the 
request for comment. ASTM committees 
review these standards and frequently 
suggestions result. Apart from such in- 
formal cooperation, however, quite a 
number of proposals have been received 
through the American Standards Assn. 
concerning projects that have been pro- 
posed under the International Organi- 
zation for Standardization (ISO). 

Textiles—Great Britain holds the 
general secretariat for ISO/TC 38 on 
Textiles but America holds the secre- 
tariat for several subcommittees. Ameri- 
can participation in the work of ISO/TC 
38 is being handled by a special commit- 
tee organized in the American Standards 
Assn. under the sponsorship of ASTM 
and the American Association of Textile 
Chemists and Colorists, with representa- 
tion from the various groups interested. 
This special committee has been given 
the designation of “L23.” 


Meetings were held in New York in 


June, 1952, of the subcommittees on 
shrinkage of fabrics in washing, and on 
yarn testing, as well as the working 
group on cloth strength testing using the 
grab technique. The subcommittee on 
colorfastness met in New York in 
November, 1952. 

Petroleum Products—America holds 
the secretariat for ISO/TC 28 on 
Petroleum Products, the work of the 
secretariat being handled by Sectional 
Committee Z11, of which ASTM is 
sponsor. 

A meeting of ISO/TC 28 was held in 
New York City in June, 1952, and the 
committee adopted as its scope of work 


methods of sampling, methods of test, 
nomenclature, terminology, and specifi- 
cations for petroleum and petroleum 
products. 

Rubber.—The secretariat for ISO/TC 
45 on Rubber is held by Great 8ritain. 
ASTM Committee D-11 is handiing the 
American contacts with this ISO com- 
mittee. A meeting of ISO/TC 45 is being 
held in Paris, France, June 15-20, 1953, 
at which it is expected America will have 
a number of delegates. 

Viscosity—America holds the secre- 
tariat for ISO/TC 66 on Viscosity. The 
Subcommittee on Rheological Properties 
of ASTM Committee E-1 is being looked 
to to handle the work of the secretariat. 

Plastics—America holds the secre- 
tariat for ISO/TC 61 on Plastics. ASTM 
Committee D-20 is being looked to to 
handle the work of this secretariat and 
has organized for the purpose a special 
committee consisting of representatives 
of the various groups interested. 

A meeting of ISO/TC 61 is being held 
in Stockholm, Sweden, August 10-14, 
1953, at which it is expected America will 
have a number of delegates. 

Shellac—Subcommittee XTII on Shel- 
lac of ASTM Committee D-1 has been 
set up as the American committee in 
charge of contacts with ISO/TC 50 on 
Lac for which India holds the secre- 
tariat. America has submitted a number 
of comments with respect to standards 
dealing with shellac that are now under 
consideration. 

A meeting of ISO/TC 50 was held in 
New York City in June, 1952. 

Solid Mineral Fuels —ASTM Commit- 
tee D-5 is handling American contacts 
with ISO/TC 27 on Solid Mineral Fuels. 
A meeting of the Special Working Group 
on Volatile Matter of ISO/TC 27 was 
held in April, 1953, at which America 
was represented by Mr. R. F. Abernethy 
of the U. S. Bureau of Mines. 

’ A meeting of ISO/TC 27 is scheduled 
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for London, England, on October 5-9, 
1953. 

Iron and Steel.—A meeting of ISO/TC 
17 on Iron and Steel, was held in New 
York in June, 1952. Consideration was 
given to draft proposals on Brinell Hard- 
ness Test, Rockwell Hardness Test, 
Vickers Hardness Test, Bend Test, 
Charpy Impact Test, and Izod Impact 
Test. Members of ASTM Committee A-1 
attended this meeting (as observers) to- 
gether with members of Committee 
E-1 subcommittees on Indentation Hard- 
ness and Impact Testing. 

Chemistry —The following ASTM 
committees have indicated an interest in 
the work of ISO/TC 47 on Chemistry: 

on Paint, Varnish, Lacquer, and 
Related Products 

D-3 on Gaseous Fuels 

D-12 on Soaps and Other Detergents 

Laboratory Glassware —Committee E-1 
has indicated that it favors American 
participation in the work of ISO/TC 48 
on the basis of an observer. 

General Definitions Relating to Chemical 
and Physical Test Results —ASTM Com- 
mittee E-11 favors American participa- 
tion in the work of ISO/TC 69. A meeting 
of this Committee was held in Geneva, 
Switzerland, on November 26-30, 1951, 
which was attended by W. Edwards 
Deming, member of ASTM Committee 
E-11 on Quality Control. 


Mica.—Subcommittee IX on Mica of 
ASTM Committee D-9 has been set up to 
handle the American contacts with this 
ISO Committee 56 for which India holds 
the secretariat. There is now before the 
committee three standards dealing with 
mica which evolved from the meeting of 
ISO/TC 56 held in New York City in 
June, 1952. 

Copper and Copper Alloys —America 
has been invited to take the secretariat 
for ISO/TC 26 on Copper and Copper 
Alloys. This subject is of interest to 
ASTM Committee B-5, and con- 
sideration is now being given as to how 
to handle the American participation in 
the work. 

Paper——On the recommendation of 
ASTM Committee D-6 on Paper and 
Paper Products America participates in 
the work of ISO/TC 6 on the basis of an 
observer. Copies of all proposals are 
received and referred to Committee D-6 
for its information. 

Timber—ASTM Committee D-7 on 
Wood has indicated that it favors 
American participation in the work of 
ISO/TC 55 on Timber. 


Respectfully submitted on behalf of 
the committee, 
L. B. JoNnEs, 
Chairman. 
R. E. Hess, 
Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON RESEARCH 


The Administrative Committee on 
Research held one meeting during the 
year, at Society Headquarters on 
December 29, 1952. 

While the present research fund is not 
sufficiently large to underwrite any 
extended research program, nevertheless 
the attention of the various technical 
committees is being called to the avail- 
ability of the Administrative Committee 
on Research for help, in connection with 
research problems, in the following ways: 

(a) In assisting in the raising of funds 

to carry out a project, 

(b) In providing funds for a specific 

piece of equipment, or 

(c) For the purpose of standardizing 

a piece of equipment between 
several cooperating laboratories. 

A trial mailing of a pamphlet entitled 
“Some Unsolved Problems” was made to 
87 deans of engineering, chemistry and 
graduate schools, etc., at 45 colleges and 
universities. On the basis of replies re- 


ceived from more than 50 per cent of the, 


schools approached, a new mailing re- 
cently has been made to all accredited 
schools in this country and Canada; more 
than 1900 letters have been sent out. The 
purpose of this mailing is to bring before 
educational institutions the interest of 
ASTM in research as well as to provide 
subjects for possible research work. This 
latest printing of “Some Unsolved Prob- 
lems” contains more than 50 problems 
contributed by 13 of the Society’s com- 
mittees. Distribution to research insti- 
tutions and commercial laboratories is 
currently being planned. 

To ascertain the rate of progress for 
the solution of these unsolved problems, 
the various committees will be circular- 
ized possibly a year or two hence, re- 


questing which of the problems now 
classified as unsolved have had a solution 
which is acceptable to the committee 
directly concerned with the problem. It is 
proposed also that some four or five 
years from now, copies of “Some Un- 
solved Problems” will be sent to those 
included on the original mailing list 
asking the recipients to indicate which 
problems have been either partially or 
wholly completed, following up this in- 
formation with a request for sources of 
any pertinent papers or related informa- 
tion. 

A “Review of ASTM Research” ap- 
peared in the December, 1952, and 
January and February, 1953 BuLLETINs. 
This review supplements reviews of 1947, 
1943, and earlier years. Since publication 
in the BuLLETIN, this review has been 
made available as a separate reprint. 

It is encouraging to report that the 
Joint Committee on Effect of Tempera- 
ture on the Properties of Metals has 
passed the three-quarter mark in its 
solicitation for a fund of $85,000 to be 
used for elevated temperature research 
on metals. Committees B-4 and E-3 are 
cooperating on the development of 
methods for chemical analysis of cathode 
nickel. Development of these methods is 
complicated by the necessity for a rela- 
tively large sample for analysis as op- 
posed to the cost. In the case of finished 
cathodes which are very light in weight, 
several hundred cathodes are needed for 
a sample. However, progress has been 
made and it is hoped that five methods 
may be approved by the Joint Committee 
before the end of this year. Committee 
C-16 on Thermal Insulating Materials 
has raised half of the estimated necessary 


| | 
is APPENDIX III 
ie 
h 
of 
n 
a 
it 
0 ‘ 
1- 
in 
of 
d 
in 
n 
re 
6 
n 
rs 
of 
of 
nN. 


74 


fund of $15,000 for research on the 
determination of effect of moisture on 
thermal conductivity, and a contract has 
been entered into with The Pennsylvania 
State College for a part of this work. The 
wood pole testing program sponsored by 
Committee D-7 on Wood has reached the 
solicitation stage and is being brought to 
the attention of interested groups. The 
committee is desirous of obtaining a sum 
in the order of $150,000 to be used in the 
testing of full-sized poles on the correla- 
tion of tests of full sized poles with the 
usual laboratory-size specimens. 

The Society has continued its relations 
with the Division of Engineering and 
Industrial Research of the National Re- 
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search Council, and the activities of the 
Highway Research Board and the Build- 
ing Research Advisory Board of this 
Division have been of considerable 
interest to the Society. Suggested re- 
search projects have been discussed with 
the Public Housing Administration and 
the Reunion des Laboratoires d’essais et 
de Recherches sur les Materiaux de les 
Constructions. 


Respectfully submitted on behalf of 
the committee, 
W. C. Voss, 
Chairman. 
J. S. PETTIBONE, 
Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON PAPERS 


APPENDIX IV 


AND PUBLICATIONS 


At no time has the Committee on 
Papers and Publications been faced with 
a publication problem of the magnitude 
of that which it had to handle during the 
past year. Not only is this a Book of 
Standards year involving the publication 
of a book much larger than heretofore, 
but a number of other special publica- 
tions of considerable magnitude were 
published as well. The number of tech- 
nical papers has been abnormally large 
this year as a result of the Fiftieth 
Anniversary Meeting held in New York 
City last June. The many sessions held 
as a part of this meeting resulted in 15 
special technical publications, and a 
number of other papers have been pub- 
lished in the ASTM Buttetin and in 
the 1952 Proceedings. In all, the Papers 
Committee reviewed and accepted for 
publication 227 technical papers. 

One volume of special interest is the 
Fifty Year Index (covering the years 
1898 to 1950) which was gotten out 
somewhat as a commemorative volume 
for the Fiftieth Anniversary. The style 
heretofore used in the decennial index 
was considerably changed so that the 
combined index is of an easily usable 
size. In preparing this volume, the 
committee had the advice of several 
librarians—Mr. Iver Igelsrud, Battelle 
Memorial Inst., Mrs. Marie S. Goff, 
E. I. du Pont de Nemours & Co., and 
Miss Leah [E. Smith, Bell Telephone 
Laboratories, Inc. 

The work that had been under way 


for several years came to fruition in the 
publication of the extensive volume of 
tables entitled ASTM-IP Petroleum 
Measurement Tables. This had involved 
a very large amount of calculation and 
represented an outstanding piece of 
cooperative work with the Institute of 
Petroleum Technologists. 

During this same year, a new edition 
was issued of the ASTM Manual of 
Engine Test Methods for Rating Fuels; 
a cumulative publication of the Bibli- 
ography on Electrical Contacts; and a 
cumulative publication of the Metal 
Cleaning Bibliography. Also worthy of 
special mention is the Manual on 
Industrial Water, a publication on which 
Committee D-19 has been at work for 
some time and which represents an 
important contribution on the part of 
many. 

The new Book of Standards comprises 
seven parts instead of six as in 1949, 
In order to make the volumes less bulky 
and easier to handle, Bible paper has 
been used. Some of the compilations are 
also published on Bible paper as over- 
runs from the Book of Standards. 

The committee approved an innova- 
tion in make-up of the ASTM ButtetIN 
whereby certain types of text matter are 
interspersed with the advertising in the 
back of the BULLETIN, namely, News 
Notes on Laboratory Supplies and 
Testing Equipment, Personals, Ne- 


.crology, Book Reviews, and similar 


material. 
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A special Study Committee was set 
up to review the format and make-up of 
our publications. This committee, con- 
sisting of L. S. Reid, Chairman, R. C. 
Adams, and L. W. Wood, has already 
suggested certain changes in format in 
connection with the ASTM Buttetin. 
It is felt that the changes suggested will 
make the BULLETIN more attractive, 
readable, and newsworthy, and hence a 
more valuable publication. This study 
committee is now reviewing the format 
of other Society publications. 

For some time the Papers Committee 
has been very much concerned over the 
quality of presentation of technical 
papers at Society meetings. An article on 
this subject appeared in ASTM BuLLetin 
No. 181, April, 1952. At the February 
meeting of the committee the committee 
gave consideration to the institution of a 
scheme for recognizing good presenta- 
tions of papers. This will be tried at the 
forthcoming Annual Meeting. A sub- 
committee consisting of R. C. Adams, 
Chairman, L. E. Gregg, and L. L. 
Wyman was appointed to administer 
this plan. 

It may be of interest to note that 
apart from the regular publications, such 
as Proceedings and Book of Standards, 
38 ‘publications were issued by the 
Society during the past year (including 
14 compilations). Also, seven reprints of 
publications have been struck off as 
listed’Jater in"this report. 

Two meetings were held by the Ad- 
ministrative Committee on Papers and 
Publications, one on November 17 and 
the other on February 20. 


RECORD OF PUBLICATIONS ISSUED 
Tuts YEAR 


Regular Publications: 


1952 Proceedings, 1335 pp, 7700 copies. Avail- 
able May, 1953. 

1952 Book of ASTM Standards 

Part 1, 1602 pp, 15,500 copies. 

Part 2, 1357 pp, 13,250 copies. 
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Part 3, 1662 pp, 11,000 copies. 
Part 4, 1182 pp, 9800 copies. 
Part 5, 1281 pp, 10,200 copies. 
Part 6, 1518 pp, 9500 copies. 
Part 7, 1374 pp, 10,000 copies. 

1952 Year Book, 632 pp, 7200 copies. 

1952 Index to ASTM Standards, 290 pp, 22,500 
copies. Available June. 

ASTM Bouttetin, 8 issues (May, 1952, to 
April, 1953), total number of pages 716, 
average number of copies 10,993. 


A statement of the volume of the 


principal publications for the past four 
years is given below: 


95 
ages 
1252 | 1480 | 1332 1335 


ASTM Methods ot 

ical Anal of Metals.| .... 486 
Index to =} 

280 | 274 282 300 
570 | 588 | 608 632 
Special Technical Publi- 

a 2048 | 1041 | 1600 2615 
ASTM Bouttetm......... 728 | 716 716 


| 13 274 | 6820 | 6454 | 15 574 


Special Compilations of Standards Pub- 
lished from April 15, 1952, to April 15, 
1953: 


Specifications for Steel Piping Materials (A-1), 
393 pp, 3000 copies. 

ASTM Standards on Wire for Electrical Con- 
ductors (B-1), 262 pp, 1000 copies. 

ASTM Standards on Copper and Copper 
Alloys (B-5), 556 pp, 1200 copies. 

ASTM Standards on Light Metal and Alloys 
(B-7), 215 pp, 1000 copies. 

ASTM Standards on Mineral Aggregates, 
Concrete, and Nonbituminous Highway Ma- 
terials (C-9, D-4), 308 pp, 2600 copies. 

ASTM Standards on Paint, Varnish, Lacquer, 
and Related Products (D-1), 804 pp, 2000 
copies. 

ASTM Standards on Petroleum and Lubricants 
(D-2), 834 pp, 5900 copies. 

ASTM Standards on Electrical Insulating 
Materials (D-9), 591 pp, 1200 copies. 

ASTM Standards on Rubber and'!Rubber-Like 
Materials (D-11), 696 pp, 2400 copies. 

ASTM Standards on Soaps and Other Detergents 
(D-12), 156 pp, 1000 copies. 

ASTM Standards on Textile Materials (D-13), 
676 pp, 2250 copies. 

ASTM Standards on Benzene, Toluene, Zylene, 


Naptha 16), 5 59 pp, 1000 
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Manual on Industrial Water (D-19), 346 pp, 
2000 copies. 

ASTM Standards on Plastics (D-20),°654 pp, 
2000 copies. 


Special Compilations in Prospect: 


ASTM Standards on Electrical Heating, Resist- 
ance, and Related Alloys (B-4), 225 pp, 750 
copies. 

ASTM Standards on Electrodeposited Metallic 
Coatings (B-8), 65 pp, 2000 copies. 

ASTM Standards on Gaseous Fuels (D-3), 160 

pp, 800 copies. 

ASTM Standards on Bituminous Constructional 
Materials (D-4, D-8), 416 pp, 1000 copies. 

ASTM Standards on Paper and Paper Products 
and Shipping Containers (D-6, D-10), 370 
pp, 1200 copies. 

ASTM Standards on Adhesives (D-14), 96 pp, 
1200 copies. 


Special Publications Issued from April 15, 
1952, to April 15, 1953: 


Summary of Proceedings of the Fifty-Fifth 
Annual Meeting, 36 pp, 7500 copies. 

1952 Marburg Lecture, “Non-Destructive Test- 
ing,” by R. C. McMaster, 78 pp, 4000 copies. 

1952 Gillett Lecture, “Man, Metals, and 
Power,” by N. L. Mochel, 48 pp, 3000 copies. 

Symposium on Measurement of Consumer 
Wants (STP 117), 67 pp, 2500 copies. 

Symposium on Surface and Subsurface Re- 
connaissance (STP 122), 234 pp, 2000 copies. 

Symposium on Acoustical Materials (STP 123), 
40 pp, 1500 copies. 

Symposium on Consolidation Testing of Soils 
(STP 126), 115 pp, 2000 copies. 

Symposium on Determination of Elastic” 
Constants (STP 129), 104 pp, 3000 copies. 
Symposium on Direct Shear Testing of Soils 

(STP 131), 93 pp, 2000 copies. 

Symposium on Use of Radioisotopes in Soil 
Mechanics (STP 134), 40 pp, 2000 copies. 

Symposium on Insulating Oil (STP 135), 43 pp, 
2000 copies. 

Symposium on Recent Developments in the 
Evaluation of Natural Rubber (STP 136), 
117 pp, 2000 copies. 

Symposium on Fatigue with Emphasis on 
Statistical Approach (STP 137), 96 pp, 2500 
copies. 

Symposium on Testing Adhesives for Durability 
and Permanence (STP 138), 64 pp, 2000 
copies. 

Symposium on Statistical Methods for the 
Detergent Laboratory (STP 139), 48 pp, 
2000 copies. 

Symposium on Metal Powder and Metal 
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Powder Products (STP 140), 90 pp, 3000 
copies. 

Symposium on Color Differences, 68 pp, 1200 
copies. 

ASTM-IP Petroleum Measurement Tables, 
541 pp, 5000 copies. 

ASTM Manual of Engine Test Methods for 
Rating Fuels, 358 pp, 3000 copies. 

Metal Cleaning Bibliography (STP 90-B), 136 
pp, 2000 copies. 

Bibliography on Electrical Contacts (STP 56-G), 
266 pp, 2250 copies. 

Fifty Year Index, 215 pp, 5000 copies. 

Bibliography of Fatigue References (STP 9-C), 
24 pp, 275 copies (mimeographed). 

Bibliography on Soil Dynamics (STP 146), 9 pp, 
200 copies (mimeographed). 

Manual on Engine Antifreezes (STP 120), 20 
pp, 4000 copies. (Subsequently reprinted 
6000 copies.) 


Special Publications in Prospect: 


Symposium on Strength and Ductility of 
Metals at Elevated Temperatures with 
Particular Reference to Effects of Notches and 
Metallurgical Changes (STP 128), 255 pp, 
3000 copies. 

Symposium on Continuous Analysis of In- 
dustrial Water and Industrial Waste Water 
(STP 130), 58 pp, 2000 copies. 

Symposium on Plastics Testing (STP 132), 81 
pp, 2000 copies. 

Symposium on Conditioning and Weathering 
(STP 133), 104 pp, 2500 copies. 

Symposium on Tin, (STP 141), 100 pp, 2000 
copies. 

Symposium on Exchange Phenomena in Soils 
(STP 142), 81 pp, 2000 copies. 

Symposium on Light Microscopy (STP 143), 
146 pp, 2500 copies. 

Symposium on Fretting Corrosion (STP 144), 
96 pp, 2000 copies. 

Symposium on Non-Destructive Testing (STP 
145), 100 pp, 2500 copies. 

Symposium on Paint (STP 147), 70 pp, 2500 
copies. 

Symposium on Chemical Analysis of Inorganic 
Solids by Means of the Mass Spectrometer 
(STP 149), 50 pp, 2000 copies. 

Symposium on Soaps and Other Detergents, 
60 pp, 2000 copies. 

Manual on Measurement and Sampling of 
Petroleum and Petroleum Products, 182 pp, 
2000 copies. 

Proposed Procedures for Emission Spectro- 
chemical Analysis, 250 pp, 2000 copies. 

Index to the Literature on Spectrochemical 
annem, 200 pp, 2000 copies. 
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Bibliography on Speed of Testing, 20 pp, 500 
copies (mimeographed). 

Bibliographical Abstracts and Methods for 
Analysis of Synthetic Detergents, 25 pp, 2000 
copies. 

Reprints: 

Symposium on New Methods for Particle Size 
Determination in the Subsieve Range (1941), 
111 pp, 800 copies. 

1951 Marburg Lecture, “Corrosion Testing,” by 
F. L. LaQue, 92 pp, 750 copies. 

Symposium on Usefulness and Limitations of 
Samples (1948), 48 pp, 1000 copies. 

Index to the Literature on Spectrochemical 
Analysis (1947), 184 pp, 500 copies. 

Significance of Tests of Petroleum Products 
(1934), 80 pp, 1500 copies. 

Radiography of Steel Castings, 25 sets each of 
X-ray and Gamma-ray, 32 negatives in each. 
Cotton Yarn Appearance Standards, Series 

1-110; 2-143; 3-195; 4-154; 5-117. 


CuRRENT ACTIVITIES 


A very full program is in prospect for 
the 1953 Annual Meeting, with a number 
of symposiums scheduled as follows: 
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Symposium on Metallic Materials at Low 
Temperatures. 
Symposium on 
Metallography. 
Symposium on X-ray Spectrographic Analysis. 
Symposium on Lateral Pile Load Tests. 
Symposium on Soil Dynamics. 
Symposium on Porcelain Enamels and Ceramic 
Coatings as Engineering Materials. 
Symposium on Radioactivity in ASTM Work. 
Session on Significance of Tests of Concrete. 


Techniques for Electron 


In addition to the above, there are a 
number of other technical papers which 
will be presented at the Annual Meeting. 
A number of papers are being offered 
to the Society for publication but not 
presentation at a meeting. These for the 
most part will be published currently in 
the ASTM BUvuLLETIN or in the Pro- 
ceedings. 


Respectfully submitted on behalf of 
the committee, 
R. E. HEss, 
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APPENDIX V 


REPORT OF ADMINISTRATIVE COMMITTEE ON SIMULATED | 
SERVICE TESTING 


The last meeting of the Administrative 
Committee on Simulated Service Testing 
was held at Society Headquarters on 
November 24, 1952. 

The agenda covered the following 
items: 

1. As an aid to those not thoroughly 
familiar with the performance of metals 
at high temperatures, it would seem 
appropriate to have available a source of 
information which would give some idea 
as to the methods and the relative im- 
portance of tests for the evaluation of 
metals for various high-temperature 
applications. This was considered most 
properly an activity which should fall 
within the scope of the Joint Committee 
on Effect of Temperature on Metals and 
will be referred to that group. 

2. The problem of machinability, with 
suitable standards is recurrent and un 
answered. However, it is understood 
that a group in Technical Committee K 
of ASTM Committee D-2 is studying 
cutting fluids in lathe turning tests and 
the activities of this group may lead to a 
symposium on this subject. It was 
decided to contact other societies such as 
the Society of Automotive Engineers, The 
American Society of Mechanical Engi- 
neers, and The American Society of Tool 
Engineers, to learn the extent of their 
interest in the subject and to gather 
constructive information that might be 
used later for organizing a symposium. 

3. The increasing importance of shot 
peening has emphasized the necessity for 


adequate tests for satisfactory peening. 
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The committee advised that a new SAE 
Division 20 is now working on this prob- 
lem and hopes to establish recommenda- 
tions. 

It was brought out in the discussion 
that, given a satisfactory intensity (as 
determined by an arc-height Almen test 
strip), the major problem was one of 
coverage, wherein an 80 per cent shot 
peen coverage (estimated by visual ex- 
amination) is considered good. 

4. In connection with bend testing—a 
subject of continued and active interest 
in the Administrative Committee—it 
is encouraging to note that Committee 
E-1 now has a new task group to study 
such tests. The many suggested tests, 
correlation of tests with application, 
value of bend tests now on the books, 
relation of bend tests to spring-back, 
formability, etc., which have long been 
discussed in the committee will be passed 
on to this group. 

5. Other items which were considered 
include Fretting Corrosion, Humidity 
Testing, Gaskets, Radiographic Stand- 
ards, Macroetching, and Decarburiza- 
tion. 

It is anticipated that a paper on the 
philosophy of simulated service testing 
will soon be ready for presentation to the 
Society by one of the committee 
members. 


Respectfully submitted on behalf of 


the Committee, 
L. L. Wyman, 
Chairman. 
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The most noteworthy district activity 
during the past year was the formation 
in March of the new Southwest District. 
This new district encompasses the areas 
of Texas, Oklahoma, Louisiana and the 
part of Arkansas not covered by the St. 
Louis District. The Chairman of this new 
District is Milton Holmberg, Houston, 
Tex., assisted by Vice-Chairmen R. C. 
Alden, Bartlesville, Okla.; A. W. Eat- 
man, Austin, Tex.; P. L. DeVerter, 
Baytown, Tex.; and Edwin Joyce, Dallas, 
Tex.; and Secretary J. B. Baird, Houston, 
Tex. 

The New York District Council was 
the nucleus of The General Committee 
on Arrangements which acted as host for 
the Fiftieth Anniversary Meeting of the 
Society, planning the ladies entertain- 
ment, handling details of the annual 
dinner, and underwriting and sponsoring 
the entertainment program. In con- 
nection with the Annual Meeting, the 
customary breakfast of the Administra- 
tive Committee on District Activities 
was held with the officers of the various 
districts as guests of the Society. 


Meetings: 


The thirteen previously established 
districts functioned smoothly throughout 
the year, holding 21 meetings including 
the Detroit District Meeting held in con- 
junction with the ASTM Spring Meeting. 
Dr. Kenneth McFarland, the speaker at 
this meeting, addressed a group of several 
hundred members and their wives on 
“Fathoming the Fifties.” The only 
districts which did not hold meetings 
during the June, 1952—-June, 1953 year 
were Cleveland, Chicago, and Western 
New York-Ontario. 

Two meetings of note were held out- 
side the province of ASTM Districts. 
These included a meeting in Richland, 
Washington in conjunction with the 
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REPORT OF ADMINISTRATIVE COMMITTEE 
ON DISTRICT ACTIVITIES 


American Society of Metals and the 
American Institute of Chemical Engi- 
neers and a meeting in Birmingham, 
Ala. in conjunction with the American 
Chemical Society, the ASM, and ASTM 
Committee A-1 on Steel. Both of these 
meetings were highly successful and 
suggest areas for future development. 


President’s Addresses: 


President Maxwell toured the country 
speaking at Richland, Wash.; Birming- 
ham, Ala.; and Northern California, 
Southern California, Southwest, New 
England, Philadelphia, St. Louis, and 
Pittsburgh Districts. His talk on 
“Chemical Developments and Engineer- 
ing Materials” was well received, and 
special efforts were made to publicize 
his talk among the various students in 
these areas. Dr. Maxwell also spoke in 
Richmond, Va., at the Washington, 
D. C., District Meeting on the subject of 
“Research and Standards.” 

Many of the most successful district 
meetings have been held in conjunction 
with other societies such as American 
Society for Quality Control, Society for 
Experimental Stress Analysis, Society for 
Non-Destructive Testing, Inc., Engi- 
neers’ Club of St. Louis, AIChE, ASM 
and ACS. The details of the district 
meetings are listed in the table of meet- 
ings included in the body of the report. 

In the matter of membership, there has 
been a considerable number of personal 
and direct contacts. In addition, the 
Washington, D. C., District made a 
special mailing to all of its members 
asking for suggestions concerning indi- 
viduals for Society membership. 


Respectfully submitted on behalf of the 


committee, 


C. M. GaMBRILL, 
Chairman 
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While there were a number of im- 
portant developments in the work of 
Committee A-1 during the past year, by 
far the most outstanding was the pro- 
posed Tentative Methods and Defini- 
tions for the Mechanical Testing of Steel 
Products.’ Although work on this docu- 
ment has been under way since 1950, it 
was not expected to reach completion 
before 1955. However, since the 1952 
Annual Meeting many of the members 
of Committee A-1 have spent extraordi- 
nary amounts of time on the project 
because of its importance to the steel 
industry. The result has been a coordi- 
nation of many divergent views on the 
production testing of steel products. 

In addition to these activities, forty- 
six recommendations have been approved 
by the Administrative Committee on 
Standards. These are outlined in detail 
in another section of this report. 

One of the important actions taken- 
was the publication of an appendix to 
the Tentative Method of Macroetch 
Testing and Inspection of Steel Forgings 
(A 317 — 52 T),? illustrating the various 
types of defects which can be revealed 
by macroetching steel forgings. Still an- 
other was the publication of revisions of 
the Tentative Specifications for Carbon 
Steel and Alloy Steel Blooms, Billets, 
and Slabs for Forgings (A 273 — 52 T and 
A 274-52 T),? which should result in 
increased usage of these two specifica- 


* Presented at the Fifty-sixth Annual Meeting of the 
Society. June 29-July 3, 1953. 
e new tentative was accepted by Ge a Society and and 
ap =~ 1953 Supplement to Book of 
ards, 
a 1952 ‘Book of ASTM Standards, Part 1. 
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tions. Revisions in these three standards 
have been under consideration for a 
number of years. 

With the publication late in 1952 of 
the Tentative Specifications for Cold- 
Finished and Heat-Treated Alloy Steel 
Bars (A 364-52T),2 Committee A-1 
has a complete coverage by its specifica- 
tions of the steel bar field. The complete 
list includes carbon steel bars which can 
be ordered either to chemical composi- 
tion or mechanical properties, stress- 
relief-annealed steel bars, alloy steel bars 
for nitriding, and alloy steel bars to 
hardenability requirements. Hot-rolled, 
cold-finished, and heat-treated carbon 
and alloy steel bars are covered. 

Widely used Tentative Specifications 
A 158, A 206, A 280, and A 315 for alloy 
steel pipe for high-temperature service 
were discontinued since these grades of 
steel are now present in the Tentative 
Specifications for Seamless Ferritic Alloy 
Steel Pipe for High-Temperature Service 
(A 335 - 52a T).? 

Committee A-1 departed from its 
usual practice of meeting in either Pitts- 
burgh, Philadelphia, or Cleveland in 
late January or early February, and 
visited Birmingham, Ala. for a three-day 
meeting in February, 1953. The total 
attendance surpassed the mid-winter 
meetings in 1952 and 1951 in Philadel- 
phia and Cleveland, respectively. Many 
actions on standards were taken at this 
meeting, as reflected in the Appendix to 
this report.® 


See p. 87. 
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Personnel.—As a result of personnel 
changes during the past year, the com- 
mittee now consists of 289 voting mem- 
bers, including 131 producers, 116 con- 
sumers, and 42 general interest members. 

Because of retirement, Jonathan Jones 
has resigned as vice-chairman of Sub- 
committee II on Structural Steel and 
has been replaced by J. F. Willis of the 
Connecticut State Highway Dept. Both 
Subcommittee II and Committee A-1 
regret the loss of Mr. Jones who has 
very ably represented the consumers of 
structural steel for many years. 

Another very able consumer leader 
was lost in Subcommittee XI on Steel 
for Boilers and Other Pressure Vessels. 
H. G. Miller, Chairman of Subcommittee 
XI retired from his position as Mechan- 
ical Engineer for the Chicago, Milwau- 
kee, St. Paul & Pacific Railroad Co. 
R. W. Mooty, Tennessee Coal and Iron 
Div., U. S. Steel Corp., has been named 
as successor to Mr. Miller. 

To fill the position of vice-chairman 
of Subcommittee XXII on Steel for High 
Temperatures and Subatmospheric Tem- 
peratures left vacant in 1952 when C. A. 
Kelting was named chairman, W. B. 
Hoyt of the M. W. Kellogg Co. has 
been appointed. 

R. B. Hooper has resigned as chairman 
of the Special Subcommittee on Harden- 
ability and H. H. ZurBurg of the 
Chrysler Corp. has accepted the appoint- 
ment as successor. 

The committee records with regret the 
death during the past year of several 
present and former well-known members 
of Committee A-1, including F. C. Fyke, 
R. S. Johnson, L. B. Jones, W. W. Scott, 
Jr., B. J. Schmid, P. H. Smith, F.M. War- 
ing, and G. B. Waterhouse. Mr. Fyke had 
represented the Standard Oil Develop- 
ment Co. on Committee A-1 since 1930, 
and likewise Mr. Scott had represented 
the Laclede Steel Co. since 1925. P. H. 
Smith for many years had represented 
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the Chicago, Burlington, & Quincy 
Railroad Co. and was quite active in sub- 
committee work. Mr. Waterhouse, Emer- 
itus Professor of Metallur;y, Massa- 
chusetts Institute of Technology, was an 
old-time member of the committee, as 
was Mr. Johnson, formerly Director of 
Research for John A. Roebling Sons Co. 
Mr. Schmid, although a relatively new 
member of the committee, representing 
the Pacific Gas and Electric Co., San 
Francisco, Calif., was one of the first 
West Coast members of Committee A-1. 

Many of the present members remem- 
ber Mr. Waring, who was Engineer of 
Tests for the Pennsylvania Railroad 
during his active interest in Committee 
A-1. Mr. Waring was chairman of the 
committee from 1920 to 1926 and was 
elected an honorary member of the 
committee. L. B. Jones, also Engineer of 
Tests for the Pennsylvania Railroad be- 
fore his retirement in 1948, gave unstint- 
ingly of his knowledge and sound judg- 
ment in the operations of Committee A-1 
for many years. Mr. Jones was also 
elected to honorary membership in Com- 
mittee A-1 in 1950. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On June 13, 1952, the Administrative 
Committee on Standards accepted the 
recommendation of Committee A-1 that 
the Tentative Method of Macroetch 
Testing and Inspection of Steel Forgings 
(A 317-48 T) be revised. The revised 
method appears in the 1952 Book of 
ASTM Standards, Part 1. 

Subsequent to the Annual Meeting, 
Committee A-1 presented to the Society 
through the Administrative Committee 
on Standards the following recommenda- 
tions: 


Revision of Tentative Specifications for: 
Steel for Bridges and Buildings (A 7 - 52T), 
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Structural Nickel Steel (A 8-52 T), 

Boiler and Firebox Steel for Locomotives 
(A 30-52 T), . 

Structural Silicon Steel (A 94-52 T), 

Structural Steel for Locomotives and Cars 
(A 113 - 52 

Open-Hearth Iron Plates of Flange Quality 
(A 129-50 T), 

Structural Steel for Ships (A 131-52 T), 

Carbon-Silicon Steel Plates of Intermediate 
Tensile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201-52 T), 

Chromium-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other Pressure 
Vessels (A 202-52 T), 

Nickel-Steel Plates for Boilers and Other 
Pressure Vessels (A 203 - 52 T), 

Molybdenum-Steel Plates for Boilers and Other 
Pressure Vessels (A 204 — 52 T), 

High Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(A 212 - 52 T), 

Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vessels (A 225-52T), 

Low-Alloy Structural Steel (A 242 -50T), 

Carbon-Steel Blooms, Billets, and Slabs for 
Forgings (A 273 - 47 T), . 

Alloy-Steel Blooms, Billets, and Slabs for 
Forgings (A 274-44 T), 

Low and Intermediate Tensile Strength Carbon- 
Steel Plates of Structural Quality (Plates 2 
in. and Under in Thickness) (A 283 - 52 T), 

Low and Intermediate Tensile Strength Carbon- 
Silicon Steel Plates of Structural Quality 
(A 284-52 T), 

Low and Intermediate Tensile Strength Carbon- 
Steel Plates of Flange and Firebox Qualities 
(Plates 2 in. and Under in Thickness) 
(A 285 - 52 T), 

High Tensile Strength Carbon-Manganese- 
Silicon Steel Plates for Boilers and Other 
Pressure Vessels (A 299 - 52 T), 

Chromium-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 301-52 T), 

Manganese-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 302-52 T), 
and 

Quenched and Tempered Steel Bolts and Studs 
with Suitable Nuts and Plain Washers 
(A 325 - 51 T). 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 5, 1952, and the revised tentative 
specifications appear in the 1952 Book 
of ASTM Standards, Part 1. 


On STEEL 


The following recommendations sub- 
mitted by Committee A-1 were accepted 
by the Administrative Committee on 
Standards on October 21, 1952: 


Tentative Specifications for: 
Cold Finished Heat Treated Alloy Steel Bars 
(A 364-52 T). 


Revision of Tentative Specifications for: 


General Requirements for Delivery of Rolled 
Steel Plates, Shapes, Sheet Piling, and Bars 
for Structural Use (A 6-52 T), 

Seamless Low-Carbon and Carbon-Molybdenum 
Steel Still Tubes for Refinery Service 
(A 161 - 51 T), 

Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
High-Temperature Service (A 182 - 52 T), 

Alloy-Steel Bolting Materials for High-Temper- 
ature Service (A 193 - 51 T), 

Seamless Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser Tubes 
(A 199-51 T), 

Seamless Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200-51 T), 

Seamless Alloy-Steel Boiler, Superheater, and 
Heat Exchanger Tubes (A 213-52 T), 

Factory-Made Wrought Carbon . Steel and 
Ferritic Alloy-Steel Welding Fittings 
(A 234 - 52 T), 

Alloy-Steel Bars to End-Quench Hardenability 
Requirements (A 304-52 T), 

Alloy-Steel Bolting Materials for Low-Temper- 
ature Service (A 320-51 T), 

Seamless Ferritic Alloy Steel Pipe for High- 
Temperature Service (A 335 — 52 T), and 

Alloy Steel Bars for Nitriding (A 355 - 52 T). 


Tentative Revision of Standard Specifications for: 


Forged or Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for High- 
Temperature Service (A 105 — 46), and 

Forged or Rolled Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for General 
Service (A 181 - 49). 


Withdrawal of Tentative Specifications for: 


Seamless Alloy-Steel Pipe for High-Temperature 
Service (A 158 — 52 T), 

Seamless Carbon-Molybdenum Alloy-Steel Pipe 
for High-Temperature Service (A 206 — 52 T), 

Seamless Chromium-Molybdenum Alloy-Steel 
Pipe for Service at High Temperatures 
(A 280 - 52 T), 


“Seamless 1 per cent Chromium, 0.5 per cent 
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é Molybdenum Alloy-Steel Pipe for Service at 
High Temperatures (A 315 - 52 T). 

The new and revised tentative specifications 
and the tentative revisions of the standard 
specifications appear in the 1952 Book of 

ASTM Standards, Part 1. 

On December 12, 1952, the Standards Com- 
mittee approved revisions in the following 
specifications which appear in the 1952 Book 
of ASTM Standards, Part 1: 


Revision of Tentative Specifications for: 

Billet-Steel Bars for Concrete Reinforcement 
(A 15-50 T), 

Rail-Steel Bars for Concrete Reinforcement 
(A 16-50 T), and 

Axle-Steel Bars for Concrete Reinforcement 
(A 160 - 50 T). 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee A-1 is presenting for pub- 
lication 3 new tentatives and a tentative 
revision to 1 standard, is recommending 
the revision of 19 tentatives and 4 
standards, and the adoption as standard 
of 3 tentatives and 1 tentative revision 
of a standard. An editorial revision of 1 
specification is also being recommended. 

The standards and tentatives affected, 
- together with the revisions recom- 
mended, are given in detail in the 
Appendix.’ 


The recommendations in this report 

- gave been submitted to letter ballot of 

_ the committee, the results of which will 
_ be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Only the most salient of the numerous 
_ current subcommittee activities will be 
_ covered in the following paragraphs. 
The Standards Division of the General 
_ Services Administration has requested 
Subcommittee IT to develop a specifica- 


4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


tion for a weldable grade of structural 
steel, and this document is being pre- 
pared. 

Subcommittee IV has two chromium- 
silicon steel wire specifications in their 
final stages. One of these specifications 
covers valve spring quality wire and the 
other covers commercial quality wire. 

A specification covering carbon and 
alloy steel forgings for light weight 
pressure vessel shells such as gas cylin- 
ders is being given final consideration in 
Subcommittee VI and will very prob- 
ably be published late in 1953. 

Because of the objections of the 
ASME Boiler Code Committee to Speci- 
fications A155 for Electric-Fusion- 
Welded Steel Pipe for High-Tempeia- 
ture Service,? Subcommittee XXII has 
decided to eliminate class 2 from the 
specifications and to reword the specifi- 
cations to comply with the requirements 
of Sections I and VIII of the Boiler 
Construction Code. The class 2 material 
will be covered by new specifications. 
New specifications for seamless and 
welded austenitic steel pipe for high- 
temperature service are being written, 
since difficulty is encountered in obtain- 
ing pipe under Specification A 312 for 
this type of service. Other new specifica- 
tions for seamless ferritic alloy steel 
forged and bored pipe for high-tempera- 
ture service are being developed. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 289 members; 214 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
N. L. Moczet, 


Chairman. 


J. S. WortH, 
Secretary. 


L, 


wan. 
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On STEEL 


EDITORIAL NOTE 


Withdrawal of Emergency Alternates (Relating to Molybdenum) in Specifications for: 


Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service (EA — A 182), 

Alloy-Steel Castings for Pressure Containing Parts Suitable for High-Tem- 
perature Service (EA - A 217), 

Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service (EA — A 335), 

Ferritic Steel Castings for Pressure Containing Parts Suitable for Low-Tem- 
perature Service (EA — A 352), 

Seamless Low-Carbon and Carbon-Molybdenum Steel Still Tubes for Refinery 
Service (EA — A 161), 

Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Con- 
denser Tubes (EA — A 199), 

Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service (EA —- 


Seamless Carbon-Molybdenum Alloy-Steel Boiler and Superheater Tubes 
(EA — A 209), 

Seamless Alloy-Steel Boiler, Superheater, and Heat Exchanger Tubes (EA - 
A 213), and 

Electric-Resistance-Welded Carbon-Molybdenum Alloy-Steel Boiler and 
Superheater Tubes (EA — A 250). 


These recommendations were accepted by the Standards Committee on Septem- 
ber 9, 1953. 

The following recommendations of Committee A-1 were accepted by the Stand- 
ards Committee on December 16, 1953: 


Tentative Specifications for: 


Ferritic Alloy-Steel Forged and Bored Pipe for High-Temperature Service 
(A 369 - 53 T), and 
Carbon and Alloy-Steel Forgings for Pressure Vessel Shells (A 372 — 53 T). 


Revision of Tentative Specifications for: 


General Requirements for Structural Steel (A 6 - 52a T), 

Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser 
Tubes (A 179 — 51 T), og 

Alloy-Steel Bolting Materials for High-Temperature Service (A 193 — 53 T), 

Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Conden- 
ser Tubes (A 199 — 52 T), 

Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service (A 200 - 
5 


3 T), 
Seamless Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes (A 213- 
52 T), 
Electric-Resistance-Welded Steel Heat-Exchanger and Condenser Tubes 
(A 214-51 T), 
Carbon Steel Forgings for Locomotives and Cars (A 236 — 52 T), 
Low-Alloy Structural Steel (A 242 - 52 T), 
Welded Austenitic Stainless Steel Boiler, Superheater, Heat Exchanger and 
Condenser Tubes (A 249 — 53 T), 
Quenched and Tempered Steel Bolts and Studs with Suitable Nuts and Plain 
Washers (A 325 — 52 T), 
Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service (A 335 - 
52a T), 
Low-Carbon High-Nickel Steel Plate for Pressure Vessels (A 353 — 52 T), and 
Quenched and Tempered Alloy-Steel Bolts and Studs with Suitable Nuts 
(A 354 - 52 T). 
7 


Subsequent to the Annual Meeting, Committee A-1 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 
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Withdrawal of Tentative Methods for: 
Mechanical Testing of Structural Steel (A 359 — 52 T). 
§ Withdrawal of Tentative Methods and Definitions for: 
Mechanical Testing of Steel Bars (A 330-51 7). 


[ Withdrawal of Emergency Alternate Provisions in Specifications for: 


> Heat-Treated Alloy-Steel Bars (EA —-A 286), 
; Alloy-Steel Bars to End-Quench Hardenability Requirements (EA — A 304), 
: Hot-Rolled Alloy-Steel Bars (EA — A 322), and 

Cold-Finished Alloy-Steel Bars (EA — A 331). 


The new and revised tentative specifications appear in the 1953 Supplement to 
Book of ASTM Standards, Part 1. 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


In this Appendix certain recommenda- 
tions are given affecting certain specifica- 
tions, both standard and _ tentative, 
covering various steel products. These 
specifications appear in their present 
form in the 1952 Book of ASTM Stand- 
ards, Part 1. 


New TENTATIVES 
The committee recommends that the 
following three new tentatives, as ap- 


pended hereto, be accepted for publica- 
tion as tentative: 


Tentative Methods and Definitions for 
the Mechanical Testing of Steel 
Products :! 


These methods and definitions have 
been developed to furnish the steel in- 
dustry, producers and consumers alike, 
with standardized procedures for the 
production testing of steel products. 
All other similar testing methods pub- 
lished by the Society at the present are 
cover-all methods for ferrous and non- 
ferrous metals, and in the opinion of 
Committee A-1 reflect laboratory or 
research procedures rather than produc- 
tion procedures. 


Tentative Specifications for Cold Rolled 
Carbon Steel Deep Drawing Sheet, 
Special Killed for Miscellaneous 
Drawn or Severely Formed Parts:! 


These specifications cover deep draw- 
ing sheet in coils or cut lengths, primarily 


1 The new tentatives were accepted by the Society and 
appear in the 1953 Supplement to Book of ASTM Stand- 
ards, Part 1. 


intended for drawn or severely deformed 
parts requiring good surface finish. 
The material is also for use where long 
storing periods are involved and where 
roller leveling facilities are not available 
for prevention of stretcher straining. 
The specifications are not applicable 
where material is ordered within a 
guaranteed breakage allowance. 


Tentative Specifications for Cold-Rolled 
Carbon Steel Sheet, Commerical 


Quality :! 


These specifications cover cold-rolled 
carbon steel sheet in coils and cut lengths. 
This material is used primarily for bend- 
ing and moderate forming. 


REVISIONS OF TENTATIVES 


The committee recommends revisions 
in the following 19 tentatives: 


Tentative Specification for Steel for 
Bridges and Building (A 7-52 T): 


Table III.—Revise Footnote a to 
read “The upper limit of 72,000 psi may 
be increased by 3000 psi for all thick- 
nesses of shapes and for other material 
over 13 in. in thickness.” 


Tentative Specifications for Quenched 
Carbon-Steel Joint Bars (A 49-51 T): 


Section 9.—In Paragraphs (a) and (0) 
change the requirement for the diameter 
of the pin for the bend test from the 
present “equal to three times...” to 
read “not greater than three times... .” 
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Tentative Specification for Structural 
Steel for Ships (A 131-52 T): 


Section 4 (b).—Revise to read as 
follows: 


(6) Plates over } to 1 in., inclusive, in thick- 
ness shall conform to the requirements for grade 
B prescribed in Table I. Plates over 1 to 13 in 
inclusive, in thickness shall conform to the 
requirements of grade C prescribed in Table I. 
Plates over 1} in. in thickness shall conform to 


Tentative Specifications for Electric- 
Resistance Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178~- 
51T): 


Section 7(a).—Change the require- 
ment for width of flange for types A and 
B tubes over 2$ to 32 in. in outside 
diameter from the present “3 in.” to 
read “124 per cent of outside diameter.” 


TABLE I.—CHEMICAL REQUIREMENTS (AISE TYPE 903). 18 CHROMIUM-8 NICKEL STEEL 
303 


| Range 


With Added Sulfur im 


Check Vesietion, 


With Added Selenium 


Check Vasietion, 


Over « or t Under | Range | Over or Under 

Carbon, per cent................. 0.15 max 0.01 over | 0.15 max 0.01 over 
Manganese, per cent.............. 2.00 max 0.04 over 2.00 max 0.04 over 
Phosphorus, per cent............. 0.06 max | 0.010 over 0.17 max 0.010 over 
eres 0.18 to 0.35 0.020 0.10 max 0.010 over 
Silicon, per Se asa) 1.00 max 0.05 over 1.00 max 0.05 over 
Nickel, per cent baeivcarits us 8.00 to 10.00 0.10 8.00 to 10.00 0.10 
Chromium, 17.00 to 19.00 0.20 17.00 to 19.00 0.20 

| 0.15 to 0.35 0.03 


Selenium, per cent 


the requirements for grade C prescribed in 
Table I except that, if intended for use in im- 
portant structural parts, they may be required 
to be produced to special specifications. 


Tentative Specification for Low-Car- 
bon and Carbon-Molybdenum Steel 
Still Tubes for Refinery Service (A 
161 52 T): 


Table III.—In the column for “Cal- 
culated Weight per Foot” for all sizes 
of tubes change the permissible over 
variation from the present “3.5” to 
read “5” per cent. 

Add a new footnote reference after 
the heading for this column to read “The 
calculated weight per foot shall be de- 
termined by the following formula: 


t t 
0.875 
where: 
W = weight in pounds per foot, 
D = outside diameter in inches, and 


= specified minimum wall _thick- 
ness in inches. 


Tentative Specifications for Forged or 
Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and 
Parts for High-Temperature Service 
(A 182 - 52a T): 


Table I.—For grade F 12 (1 per cent 
chromium, 0.5 per cent molybdenum) 
change the requirement for chromium 
content from “0.80 to 1.10” to read 
“0.85 to 1.20” per cent. 


Tentative Specifications for Heat- 
Treated Carbon and Alloy Steel Track 
Bolts and Nuts (A 183 —- 51 T): 


Title—Change to read “Tentative 
Specifications for Heat-Treated Carbon 
and Alloy Steel Track Bolts nd Carbon 
Steel Nuts.” 

Section 9.—Renumber as Section 7. 

Section 7.—Renumber as Section 8 and 
in Paragraph (a) change the requirement 
for the diameter of the pin for the bend 
test from the present “equal to the 
diameter of the bolt” to read “not 
greater than the diameter of the bolt.” 

Section 8.—Renumber as Section 9. 
In footnote a to the table in this section 


—— 
im 
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delete the last sentence and add the 
following as a second paragraph: “The 
above table is predicated on the mini- 
mum thickness of a medium-carbon 
steel nut being equal to the nominal 
bolt diameter and the minimum thick- 
ness of a low-carbon steel nut being ¢ in. 
larger than the nominal bolt diameter.” 


Tentative Specifications for Alloy-Steel 
Bolting Materials for High-Tempera- 
ture Service (A 193 —- 52 T): 


Table I.—Change the chemical re- 
quirements for grade B8F to read as 
shown in the accompanying Table I. 


Tentative Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 - 52 T): 


Table II I.—Revise as indicated above 
for Table III in Specifications A 161. 


Tentative Specification for Carbon- 
Steel Castings Suitable for Fusion 
Welding for High-Temperature Serv- 
ice (A 216 —- 47 T): 


Section 10.—In Paragraph (a) revise 
so read “Grade WCA castings ordered 
under these specifications shall be satis- 
factorily tested after machining to such 
pressures as...” 

In Paragraph (6) revise the first 
sentence to read “Grade WCB castings 
shall be individually tested after machin- 
ing to the hydrostatic...” 

Add a new Paragraph (c) to read as 
follows: 


(c) It is realized that the foundry cannot 
perform the required pressure testing at the 
high pressure required on unmachined castings. 
Castings ordered in the rough state for final 
machining by the purchaser may be hydro- 
statically tested by the manufacturer at pres- 
sures to be agreed upon with the purchaser. 
However, the foundry is responsible as required 
under Section 20 (6) for the satisfactory per- 
formance of the castings under the final test 
required in Section 10 (a) or (0). 
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Tentative Specification for Alloy Steel 
Castings for Pressure Containing Parts 
Suitable for High-Temperature Serv- 
ice (A 217 - 49 T): 


Section 1(b).—Change “seven grades 
of ferritic alloy steels” to read “eight 
grades of ferritic alloy steels.” 

Make this same change in Note 3. 

Table I.—Add a new grade of steel 
with the following chemical require- 
ments: 


Carbon, max, per cent........... 0.18 
Manganeses, per cent........... 0.40 to 0.70 


Phosphorus, max, per cent....... 0.05 
Sulfur, max, per cent............ 0.06 
Silicon, max, per cent............ 0.60 
Chromium, per cent............ 1.0 to 15 
Molybdenum, per cent.......... 0.40 tg 0.60 
Vanadium, per cent........... . 0.15 to 0.25 


Table II.—Add the new grade with 
the same requirements for unspecified 
alloying elements as grade WC6. 

Table III.—Add -the new grade with 
the same tensile requirements as WC4, 
WCS, WC6, and WC9. 


Tentative Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes For High-Pres- 
sure Service (A 226 —- 51 T): 


Section 7(a).—Revise the second sen- 
tence as follows by the addition of the 
italicized fraction and the deletion of 
the fraction in brackets: ‘This flange, 
as measured from the outside of the tube, 
shall not be less than } in. nor more than 
2 in.] 1/2 in.” 

In the table change the width of 
flange for tubes over 23 to 32 in. in 
outside diameter from the present “3? 
in.” to read “123 per cent of outside 
diameter.” 


Tentative Specifications for Weidcd 
Austenitic Stainless Steel Boiler, 
Superheater, Heat Exchanger and 
Condenser Tubes (A 249 - 52 T): 


Section 8.—Revise the second sentence 
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as follows by the addition of the itali- 
cized fraction and the deletion of the 
fraction in brackets: “‘This flange, as 
measured from the outside of the tube, 
shall not be less than 5 in. or more than 


{2 in.] 3/4 in.” 


Tentative Specifications for Electric- 
Resistance-Welded Carbon Molyb- 
denum Alloy-Steel Boiler and Super- 
heater Tubes (A 250-51 T): 


Section 8.—Revise the second and third 
sentences by the addition of the itali- 
cized numbers and the deletion of the 
numbers in brackets: “This flange, as 
measured from the outside of the tube, 
shall be not less than } in. or more than 
3 in.| 1/2 in. Within these limits the 
width of the flange shall not be less than 
[15 per cent] JO per cent of the outside 
diameter of the tube.” 


Tentative Specification for Steel Plates 
for Pressure Vessels for Service at 
Low Temperature (A 300 — 52 T): 


Table I.—Include as class 4 the 9 per 
cent nickel steel covered by the Tenta- 
tive Specification for Low-Carbon, High- 
Nickel Steel Plate for Pressure Vessels 
(ASTM Designation: A 353).” 

Section 4(d).—Revise the last sentence 
to read “If the purchase order bears the 
notation ‘stress relieve specimens,’ the 
test pieces shall receive a subsequent 
stress relieving treatment at 1100 to 1200 
F, prior to preparation of the impact 
specimens, except for class 4 which shall 
be stress relieved at a temperature of 
1025 to 1085 F.” 


Tentative Specifications for Minimum 
Requirements for the Deformation of 
Deformed Steel Bars for Concrete 
Reinforcement (A 305 — 50 T): 


Section 4(a).—Add the following sen- 
tence ‘A measured length of the bar 
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specimen shall be considered the distance 
from a point on a deformation to a cor- 
responding point on any other deforma- 
tion on the same side of the bar.” 


Tentative Specifications for Steel Ma- 
chine Bolts and Nuts and Tap Bolts 
(A 307 — 52 T): 


Section 5(d).—Revise to read as fol- 
lows: 

(d) All nuts, except jam, slotted and castel- 
lated nuts shall meet the proof load specified in 
Table I. When equipment of sufficient capacity 
is not available for test, nuts over 1} in. in 
diameter shall be accepted on the basis of a 
minimum hardness of 104 Brinell. 


Table I.—Change the heading for the 
last column from “Stripping Load” to 
read “Proof Load.” 

Section 6(a).—In the second and third 
sentences change the gage length from 
the present 3 threads to be 6 threads. 


Tentative Specifications for Alloy-Steel 
Bolting Materials for Low-Tempera- 
ture Service (A 320 - 52 T): 


Table I.—Change the chemical re- 
quirements for grade L8F to read as 
shown in the accompanying Table I. 


Tentative Specifications for Quenched 
and Tempered Alloy Steel Bolts and 
Studs with Suitable Nuts (A 354- 
52 T): 


Section 3(a).—Change the minimum 
tempering temperature from the present 
“800 F” to read “850 F.” 

Section 5.—In Paragraphs (0), (d) 
(1), and (d) (3) change the gage length 
from one diameter to six threads. 


ADOPTION OF TENTATIVES AS STANDARDS 


The committee recommends that the 
following two specifications be approved 
for reference to letter ballot of the 
Society for adoption as standard without 
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Tentative Specifications for: 

Electric-Fusion (Arc)-Welded. Steel 
Plate Pipe (Sizes 16 in. and over) 
(A 134-51 T), and 

Electric-Fusion (Arc)-Welded Steel Pipe 
(Sizes 4 in. and Over) (A 139-51 T). 


The committee recommends that the 
following tentative be approved for 
reference to letter ballot of the Society 
for adoption as standard with revision 
as indicated: 


Tentative Specifications for Open-Hearth 
Carbon-Steel Rails (A 1 — 49 T): 


Section 7.—Revise to read as follows: 


Separate analyses shall be made from ladle 
tests representing one of the first three and one 
of the last three applied full ingots of the heat to 
determine the percentage of carbon, manga- 
nese, phosphorus, sulfur, and silicon. Deter- 
minations may be made chemically or spectro- 
graphically. The average analysis of the ladle 
tests shall conform to the requirements pre- 
scribed in Table I. 


TENTATIVE REVISION OF STANDARD 


The committee recommends a re- 
vision of the following standard for 
publication as tentative: 


Standard Specifications for Welded Steel 
Wire Fabric for Concrete Reinforce- 
ment (A 185 — 37): 


The tentative revision, as appended 
to this report,’ is intended to replace 
Standard Specifications A 185 when 
adopted. It includes the addition of 
definite weld tests and procedures to 
limit the weld strength in shear for 
fabric to a minimum of 35,000 psi, 
based on the area of the longitudinal 


wire. 
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ADOPTION OF TENTATIVE REVISION OF 
STANDARD 


Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel 


3 The tentative revision was accepted by the Society 
and appears in the 1953 Supplement to Book of ASTM 
Standards, Part 1. 


Still Tubes for Refinery Service (A 

271-52): 

The committee recommends that the 
present tentative revision of Section 
12(a) reducing the number of tension 
tests required from 2 per cent to 1 per 
cent be adopted as standard and in- 
corporated in these specifications. 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends that the 
following four standards be revised as 
indicated and accordingly requests the 
necessary nine-tenths affirmative vote 
at the Annual Meeting in order that these 
may be referred to letter ballot of the 
Society. 


Standard Specifications for High-Carbon 
Steel Joint Bars (A5- 48): 


Section 1.—Add a sentence to read 
“They may be used for the joint bars of 
insulated joints.” 


Standard Specifications for Carbon 
and Alloy Steel Nuts for Bolts for 
High-Pressure and High-Temperature 
Service (A 194-51): 


Section 1.—Delete reference to grade 0 
nuts here and throughout the specifica- 
tions. 

Table I.—In addition to deleting the 
requirements for grade 0, revise the 
chemical requirements for grade 8F to 
read as shown in the accompanying Table 
I. 

Section 8.—Revise Paragraphs (a) 
and (0) to read as follows: 


(a) Samples of each grade of nuts shall show 
the hardness prescribed in Table II in the 
finished condition. 

(b) In addition, samples of grades 1, 2, 2H, 3 
and 4 nuts shall show the hardness prescribed in 
Table II after they have been subjected for 24 
hr to a temperature of 850 F (455 C) for grade 
1, 1000 F (540 C) for grades 2 and 2H, and 1100 


_F (590 C) for grades 3 and 4, and then cooled 


slowly. 
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Section 10.—Add another sentence to 
read “This test will not be required for 
nuts which can not be tested on a 
machine otf 60,000 Ib capacity.” 


Standard Specifications for Seamless 
and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268 - 

47): 

Section 11(a).—Revise to read as 
follows by deleting the words in brackets 
and adding the italicized words: “From 
each group of 100 finished tubes or frac- 
tion thereof, (two tubes) one ‘ube shall 
be selected at random for the tenslon 
test specified in Section 6.” 


Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel Still 
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Tubes for Refinery Service (A 271 - 
52): 


Table II.—Revise as indicated above 
for Table III in Tentative Specifications 
A 161. 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change: 


Standard Specifications for Wrought 
Steel Wheels for Electric Railway 
Service (A 25 — 48): 


Appendix II.—Delete the tables of 
wheel design and substitute the fol- 
lowing notes: ‘The dimensions of stand- 
ard steel wheel designs are published by 
the American Transit Association, 292 
Madison Ave., New York 17, N. Y.” 
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Committee A-2 continues to be active 
following its reorganization in 1951. At 
the June 30, 1953, meeting, the following 
items were proposed to be considered 
during 1953: 

Standard Specifications for Wrought 
Tron Rivets and Rivet Rounds (A 152-39). 
—Standard Specifications A 152 should 
be revised to permit only double refined 
wrought iron to be used for the manu- 
facture of wrought iron rivets. 

Standard Specifications for Refined 
Iron Bars (A 41 — 36).—These specifica- 
tions should be withdrawn since Specifi- 
cations A 189-42 and A 207 - 39 com- 
pletely cover the subject. 

Standard Specifications for Wrought 
Iron Rolled or Forged Blooms and Forg- 
ings (A 73 — 39).—In view of the action 
on Specifications A 41 it is proposed to 
delete class B from Specifications A 73. 


WROUGHT IRON 


Proposed Specifications for Cold-Drawn 
Wrought Iron Heat Exchanger and Con- 
denser Tubes.—This product is being 
manufactured and used _ extensively 
enough that ASTM Specifications would 
serve a useful purpose. Subcommittee I 
will prepare a draft for consideration of 
the committee. Cooperation of Commit- 
tee A-2 with the British Wrought Iron 
Association was discussed with W. S. 
Gierszynski, Thomas Wolmsley & Sons, 
Ltd., Bolton, England, who was present 
at the meeting of the committee. 


Respectfully submitted on behalf of 
the committee, 


A. D. Morris, 

Chairman. 

L. S. CRANE, 
Secretary. 
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Committee A-3 on Cast Iron held two 
meetings during the past year: one on 
June 26, 1952, in conjunction with the 
Annual Meeting of the Society, and the 
other in Detroit, Mich., on March 4, 
1953. 

At the present time, the committee 
consists of 115 members, of whom 40 
are classified as producers, 47 as con- 
sumers, and 28 as general interest 
members. 

Committee A-3 is honored by having 
one of its most active members and a 
past chairman, James T. MacKenzie, 
selected by the Society to receive a 1953 
ASTM Award of Merit. 


New TENTATIVE 


The committee recommends that the 
Methods of Chill Testing of Cast Iron as 
appended! to this report be accepted for 
publication as tentative. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specifications for Automotive 
Gray Iron Castings (A 159-49T)’ be 
revised as follows: 

Section 2(b).—At the end of the first 
sentence, add the words “suitably 
ground for the test.” 

Section 3.—Revise Paragraph (a) to 
read “The transverse test shall be made 
as described in the Specifications for 
Gray Iron Castings (ASTM Designation: 
A 48).” 

* Presented at the Fifty-sixth Annual Meeting of the 
Serie. June 28-July 3, 1953. 

he new tentative was accepted by the Society and 
rs ~ ~ 1953 Supplement to Book of ASTM Stand- 


ards, Part 
21952 Book of ASTM Standards, Part 1. 
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Revise Paragraph (6) to read ; as 
follows: 


Values shall conform to the requirements 
prescribed in Table I. In case the size of the 
transverse bar is not specified, the 1.2-in. diam- 
eter bar shall be used. 


Table IT.—Revise the first sentence of 
Footnote (d) to read “Heavy duty drums 
and clutch plates where both strength 
and resistance to heat checking are 
definite requirements. .... 

Section 4.—Delete the Note and add 
the following Paragraph (c): 


In such instances, the physical properties 
as represer*ed by test bars should be in agree- 
ment with the specifications as supplied by the 
purchaser. The minimum values shall be estab- 
lished by joint agreement. Tension tests taken 
from castings may not agree with tests taken 
from test bars. 


Appendix, Section A1l,—For emphasis 
print this paragraph in bold face italics 
as follows: 


“The data in this appendix are furnished 
as information only and do not constitute 
a part of these specifications as given in 
Table I.” 


Appendix, Table III.—Delete sulfur 
contents in the fifth column and insert 
0.15 per cent for all five grades. 

Appendix, Section A4, Paragraph No. 
120.—Delete the words “cylinder 
sleeves.” 


ADOPTION OF TENTATIVES 
AS STANDARD 
The committee recommends -that the 
following tentative specifications be 
adopted as standard without revision: 


REPORT OF COMMITTEE A-3 
fc 
S 
t 
hs | 
| 
bs 
\| 


Specifications _for 


Cast Tron 95 


Specifications for Gray Iron Castings for 
Pressure Containing Parts for Temperatures 
up to 650 F (A 278 - 51 T),? and ‘ 

Specification for Gray Iron Castings for 
Elevated Temperatures for Non-Pressure Con- 
taining Parts (A 319 - 48 T).2 ——= 


TENTATIVES ConriNvED— 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be continued with- 
out revision: 


Specifications for Foundry Pig Iron (A 43 — 49 T) 

Methods of Impact Testing of Cast Iron 
(A 327 — 50 T), and 

Specifications for Nodular Iron Castings 
(A 339 51 T). 


STANDARDS CONTINUED 
WITHOUT REVISION 


k. |The committee recommends that the 
Culvert Pipe 
(A 142-38) be continued without re- 
vision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VI on General Castings 
(H. W. Lownie, chairman) is considering 
revision of Specifications A 48-48 tov 
bring it up to date. 

Subcommittee VII on Microstructure 
of Cast Iron (Robert Lindsay, chairman) 
is preparing a graphite classification 
chart for forms of graphite found in 
nodular iron. 

Subcommittee X on Nomenclature and 
Definitions (Alfred Boyles, chairman) is 
now undergoing reorganization. 

Subcommittee XVI on Heat Treatment 
of Cast Iron (V. T. Malcolm, chairman) 
is considering the advisability of raising 
the stress relieving temperature specified 
in Specifications A 278 — 51 T. 

3 The letter ballot vote on these recommendations 


was favorable; the results of the vote are on record at 
ASTM Headquarters. 


Subcommittee XVIII on Automotive 
Castings (V. A. Crosby, chairman) has 
recommended revisions of Specifications 
A 159-49T referred to previously in 
this report. 

Subcommitiee XIX on Chilled and 
White Iron Castings (J. J. Marsalka, 
chairman) had its Specifications for 
Chilled and White Iron Castings ac- 
cepted by the Society and designated as 
A 360-52 T. A recommended method 
for correctly measuring depth of chill is 
being considered. 

Subcommitiee XXI on Pressure Pipe 
(T. H. Wiggin, chairman) is reviewing 
the specifications A21.2, A21.3, A21.6, 
A21.7, A21.8, A21.9, A21.10, and A21.11 
prepared by ASA Sectional Committee 
A21 for the purpose of recommending 
suitable specifications for publication by 
the ASTM. 

Subcommittee XXIV on Nodular Iron 
(T. E. Eagan, chairman) is considering 
including a normalized grade of nodular 
iron with a higher tensile strength than 
covered by present specifications. The 
matter of selecting a more appropriate 
name for “nodular” iron has also been 
discussed. 

Subcommitiee XXV on Methods of 
Chill Testing Cast Iron (D. E. Krause, 
chairman) submitted the Methods of 
Chill Testing Cast Iron appended hereto! 
for publication as tentative. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 118 voting members; 75 
members returned their ballots, of whom 
72 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


J. S. Vanicx, 
Chairman. 


D. E. Krause, 
Secretary. 
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Committee A-5 on Corrosion of Iron 
and Steel held meetings on June 25, 
1952 at New York, N. Y. and on March 
4, 1953 at Detroit, Mich. The committee 
now consists of 110 members, of whom 
49 are classified as producers, 35 as con- 
sumers and 26 as general interest mem- 
bers. 

The committee voted by letter ballot 
on elimination of the Uniformity of 
Coating (Preece Test) requirements from 
A 122-52 T and A 218-52 T. The re- 
sults of this letter ballot (51 affirmative, 
10 negative) indicated the need for fur- 
ther study of this matter. The appended 
report of tests made at the National 
Bureau of Standards on the Preece Test 
are a first step in this direction.' 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee A-5 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative S pecifications for: 


Zinc-Coated Steel Overhead 
Strand (A 363 - 52 T). 


Ground Wire 


Revision and Reversion to Tentative of Standard 
Specifications for: 


Zinc-Coated Steel Wire Strand (“Galvanized” 
and Class A (“Extra Galvanized’’)) (A 122 - 
41), and 
* Presented at the Fifty-sixth Annual Meeting of the 


Society, June 28-July 3, 1953. 
1 See p. 125. 


Zinc-Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218 - 41). 


These recommendations were ac- 
cepted by the Standards Committee on 
September 5, 1952, and the tentative 
specifications appear in the 1952 Book 
of ASTM Standards, Part 1. 

The new tentative A 363 — 52 T speci- 
fies a strand without splices. The re- 
visions of A 122 and A 218 eliminate the 
minimum length of lay requirements to 
conform with manufacturing practices of 
all producers when making preformed 
strand. 


REVISION OF TENTATIVES 


The committee recommends that the 
following two tentative specifications be 
revised as indicated and continued as 
tentative: 

Tentalive Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Sheets, Coils 
and Cul Lengths (A 93-52 T).2—The in- 
clusion of coils in these specifications 
necessitated some clarifying revision of 
the paragraphs on Finish and Inspection. 
In addition, tables were expanded to in- 
clude all gage numbers and provision 
made for sampling of coils narrower than 
the 2.25 in. test samples. The following 
changes are recommended: 

Section 1.—Under Class “‘D” omit the 
second sentence, which reads as follows: 
“These coatings approximate those of 
Class C except in medium gages in which 
coatings of Class D are appreciably 
lighter.” 


2 1952 Book of ASTM Standards, Part 1. 
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Table II.—Amplify to include gages 
Nos. 15, 17, 19, 21, 23, and 25,*making 
the table read as follows: 


TABLE II._ORDERED OF COATINGS, 
OUNCES | PER SQUARE FOOT. 


niz 
Sheet | < | & | 2 Class D Class E 
_Gage 3 
Number ololso 
8 No Specified No_ Specified 
9 2.75|2.50|2.00} Coatings,See| Coatings, See 
10 2.75|2.50|2.00) Section 1. Section 1. 
11 
12 |2.75]2.50|2.00| 
13 2.75|2.50}2.00 
14 2.75|2.50}2.00 
15 2.75|2.50)2.00 
16 
17 2.75)2.50}1.75 
18 2.75}2.50}1.75 
19 2.75)2.50}1.75 
20 2.75|2.50)1.75 
21 2.75|2.50}1.75 
22 2.75)2.50)1.75 
23 .. |2.50/1.50 
24 2.50}1.50) 
25 . }2.25)1.25 
26 2.25)1.25 
27 . }2.00)1.25 
28 }2.00]1.25) 
29 11.50)1.25 
30 


Table III.—Amplify to include inter- 
mediate gages. The additions are as 
follows: 


TABLE ILI.—COATING BEND TESTS. 


Number of Pieces of Same Gage 
Used in Coating Bend Tests 


Ordered Coating | 


(Pot Yield), oz Galvanized Sheet Gage os 
per sq ft 
No.! No. No. No.| No.|No. |No. | No. 
17 | 18 | 19 | 21 | 23 25 
6| 6| 6| 6 
1.25 
5 5; 6|6|6/6| 6 


Table IV.—Add column of Mean 
Thickness, in., as follows: 

0.1681 0.0710 0.0247 

0.1532 0.0635 0.0217 
0.0575 0.0202 

0.1382 0.0516 0.0187 

0.1233 0.0456 0.0172 

0.1084 

0.0934 0.0396 0.0157 

0.0785 0.0366 0.0142 

0.0336 0.0134 
0.0306 


0.0276 
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Section 10(b).—Add the following sen- 
tence: “For coils narrower than 2.25 
in., test samples shall be of such a 
length as to render the area of the 
sample equal to 5.06 sq in.” 


Section 17.—Revise to read as follows: 


(a) The sheets shall be of prime finish, that 
is, free from injurious defects, such as blisters, 
flux, and uncoated spots. 

(b) Coils commonly contain some abnormal 
defects such as welds to join coils, holes, etc., 
which render a portion of the coil unusable since 
the inspection of coils does not afford the same 
opportunity to reject portions containing de- 
fects as is the case with cut lengths. 


Section 18(a).—Revise to read as 
follows: 


“(a) Cut Length Sheets—The top sheet of 
each bundle or the top sheet of a number of 
sheets when shipped loose, shall, unless other- 
wise ordered, show legibly the name and brand 
of the manufacturer, gage, size, and ordered 
coating, except for Classes “D” and “E.” 


Section 19.—Revise to read as follows: 


“The inspector representing the purchaser 
shall have free entry, at all times while work on 
the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works that 
concern the manufacture of the material or- 
dered. The manufacturer shall afford the in- 
spector all reasonable facilities to satisfy him 
that the material is being furnished in accord- 
ance with this specification. All inspection and 
tests (except check analysis) shall be made prior 
to shipment at the manufacturer’s works, unless 
otherwise specified, and such inspection or sam- 
pling shall be made in conjunction with, and to 
the extent of, the manufacturer’s regular in- 
spection operations.” 


Section 20.—Revise to read as follows: 


_ “Tf the purchaser elects to test and inspect 
the material at its destination, sheets and coils 
represented by specimens that fail to conform 
to the requirements of these specifications will 
be rejected, and the manufacturer will be noti- 


‘fied within two weeks of receipt of shipment by 


the purchaser.” 
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Tentative Specifications for Long Terne 
Iron or Steel Sheets, Coils and Cut Lengths 
(A 308 — 50 T).*—The following changes 
are recommended: 

Section 9(b).—Add the following sen- 
tence: “For coils narrower than 2.25 in., 
test samples shall be of such a length as 
to render the area of the sample equal 
to 5.06 sq in.” 

Section 16.—Revise to read as follows: 


(a) The sheets shall be free from injurious 
defects such as laminations, blisters, slivers, pits 
from rolled-in scale, uncoated or imperfectly 
coated spots readily observable by the unaided 
eye, deep scratches or heavy list edges. 

(b) Coils commonly contain some abnormal 
defects such as welds to join coils, holes, etc., 
which render a portion of the coil unusable since 
the inspection of coils does not afford the same 
opportunity to reject portions containing de- 
fects as is the case with cut lengths. 


Section 17.—Revise to read as follows: 


“(a) Cut Lengths Sheets —The top sheet of 
each bundle or the top sheet of a number of 
sheets when shipped loose, shall, unless other- 
wise ordered, show legibly the name and brand 
of the manufacturer, gage, size, and ordered 
coating weight, if specified. 

(5) Coils.—Coils or bundles of coils shall be 
individually tagged showing ordered coating 
weight, if specified, thickness, width, and weight 
of coil.” 


Section 18 —Revise to read as follows: 


“The inspector representing the purchaser 
shall have free entry, at all times while work on 
the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works that 
concern the manufacture of the material or- 
dered. The manufacturer shall afford the in- 
spector all reasonable facilities to satisfy him 
that the material is being furnished in accord- 
ance with this specification. All inspection and 
tests (except check analysis) shall be made prior 
to shipment at the manufacturer’s works unless 
otherwise specified, and such inspection or sam- 
pling shall be made in conjunction with, and to 
the extent of, the manufacturer’s regular in- 
spection operations.” 


Section 19.—Revise to read as follows: 


“If the purchaser elects to test and inspect 
the material at its destination, sheets and coils 


represented by specimens that fail to conform 
to the requirements of these specifications will 
be rejected, and the manufacturer will be noti- 
fied within two weeks of receipt of shipment by 
the purchaser.” 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends the im- 
mediate revision in three standards as 
set forth below and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
these revisions may be referred to letter 
ballot of the Society. 

Standard Methods of Test for Weight of 
Coating on Zinc-Coated (Galvanized) Iron 
or Steel Articles (A 90 —39).2—This stand- 
ard was revised to eliminate references to 
methods of sampling, provide for the use 
of samples other than 2.25 in. square, add 
the dilute hydrochloric acid method for 
determining weight of coating, and to 
add safety warnings. The revised meth- 
ods are appended hereto.* 

Standard Specifications for Zinc (Hot- 
Galvanized) Coatings on Structural Steel 
Shapes, Plates and Bars, and Their 
Products (A 123 = 47).2—The following 
changes are recommended: 

Title——Change to read “Standard 
Specifications for Zinc (Hot-Galvanized) 
Coatings on Products Fabricated from 
Rolled, Pressed, and Forged Steel Shapes, 
Plates, Bars, and Strip. 

Section 1(a).—Revise to read as fol- 
lows: 


(a) These specifications cover the protec- 
tive zinc coatings, applied on products fabri- 
cated from rolled, pressed and forged steel 
shapes, plates, bars, and strip, § in. thick and 
heavier (Note 1) by dipping the articles in a 
molten bath of zinc (Note 2). 


Section 6.—Renumber present Section 
6 as 6(a) and add the following new Para- 
graph (0): 


3 The revised standard was accepted by the Society 
and appears in the 1953 Supplement to Book of ASTM 
Standards, Part 1. 
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(b) The galvanizing of bolts and similar 
threaded fasteners shall be in accordance with 
Standard Specifications for Zinc Coating (Hot 
Dip) on Iron and Steel Hardware (ASTM Des- 
ignation: A 153). 

Note.—One ounce of zinc per sq ft of sur- 
face, based upon mathematical calculation, cor- 
responds to a coating thickness of 0.0017 in. 


Section 10.—Revise to read as follows: 


After immersion in the molten zinc, the 
shapes, plates, bars, or strip shall not be sub- 
jected to any process of scraping or wiping which 
will reduce the uniformity or the specified weight 
of the zinc coating. 


Note 5.—Delete. 

Standard Specifications for Zinc Coating 
(Hot-Dip) on Iron and Steel Hardware 
(A 153 — 49).2—The following changes are 
recommended: 

Section 1.—Revise to read as follows: 


These specifications cover zinc coatings ap- 
plied by the hot-dip process on iron and steel 
hardware and light shapes (such as used’ for 
steel windows). 


Section 5.—Substitute the word “ma- 
terial” for the word “hardware” in the 
last sentence. 

Section 6.—For Class A Material 
change the Minimum Weight of Coating 
in oz per sq ft of surface from “1.80” 
to “2.00” for average of specimens tested 
and from “1.60” to “1.80” for any indis 
vidual specimen. 

For Class C Material add the following 
it the end of the information in the first 
column of the table: ‘Washers 35 in. 
and } in. thick.” 

For Class D Material add the follow- 
ing at the end of the information in the 
first column of the table: “Washers under 
ts in. thick.” 

Note-——Renumber as “Note 1” and 
add the following Notes 2 and 3: 


Nore 2.—One ounce of zinc per sq ft of sur- 
face, based upon mathematical calculation, cor- 
responds to a coating thickness of 0.0017 in. 

Norte 3.—The weight and uniformity of zinc 
coating for light steel shapes. such as used for 
steel windows, shall conform to Class B-2 in the 


-next year. 


above table if the thickness is under ;% in. If 
the thickness is 3; in. and over it shall conform 
to Class B-1 of the table. 


Section 8.—Renumber as Section 8(a). 
Delete the last sentence. Add the follow- 
ing new Paragraphs (5), (c), and (d): 


(6) A convenient bend test for embrittlement 
of galvanized hardware such as bolts, pole and 
tower steps, insulator clevises, braces, rods, etc. 
consists of clamping one end of the article in a 
vise and bending the other end 90 degrees. A 
suitable length of pipe, used as a lever, is very 
helpful. An embrittled article will not withstand 
a 90-deg bend. On the other hand, an article in 
the manufacture of which proper precautions 
against embrittlement have been taken will 
withstand such bending. If such a test is made 
on threaded articles it shall be made on the un- 
threaded portion. 

(c) When the article is of such shape or size 
as not to accommodate bending, it may be 
struck a sharp blow with a 2-lb hammer. If the 
steel is not embrittled it should not crack under 
such a blow. 

(d) Material found to be embrittled by either 
of the above tests shall be rejected. 


Appendix.—Add the following Ap- 
pendix: 

A corrosion-resistant high-strength low-alloy 
steel (ASTM Designation: A 242), if so specified 
or approved by the purchaser, may be used. 
The suitability of the chemical composition to 
resist atmospheric corrosion shall be based upon 
evidence acceptable to the purchaser. 


TENTATIVES CONTINUED WITHOUT 
REVISION 

The committee recommends the con- 
tinuation in present form of Tentative 
Methods of Test for Local Thickness of 
Electrodeposited Coatings (A 219- 
51 T),** subject to approval of Com- 
mittee B-8. 

The committee recommends the con- 
tinuation in present form of Tentative 
Specification for Zinc-Coated Iron or 
Steel Chain-Link Fence Fabric Gal- 
vanized Before Weaving (A 337 - 51 T).? 

Both of these specifications will be 
reviewed for adoption as standard this 


3@ 1952 Book of ASTM Standards Part 2. 
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WITHDRAWAL OF TENTATIVE 


The committee recommends dropping 
Specification for Lead-Alloy Coating on 
Iron or Steel Hardware (A 267 - 46 T).? 
This specification, a war measure, was 
continued as information, but is not 
now being used. Although this specifica- 
tion is to be discontinued, it should still 
be listed in the Index to Standards. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VII on Methods of Test 
(O. B. Ellis, chairman) completed its 
work on the revision of Standard 
Methods of Test for Weight of Coating 
on Zinc-Coated Iron or Steel Articles 
(A 90-39) and submitted it to Com- 
mittee A-5 for letter ballot. The Stand- 
ard Method of Test for Weight and 
Composition of Coating on Long Terne 
Sheets by the Triple Spot Test 
(A 309-49) is being studied with the 
view to including other methods of test. 
The subcommittee has under study 
proposals to prepare a specification for 
the determination and analysis of tin 
coatings on tin plates, as suggested by 
the American Iron and Steel Institute. 
The subcommittee is also investigating 
non-destructive methods for the de- 
termination of thickness of metallic 
coatings and the accuracy of test 
methods using magnetic gages. Work 
initiated several years ago on the Preece 
Test has been completed by the National 
Bureau of Standards and is presented in 
an appendix to this committee report.' 

Subcommittee XI on Sheet Specifica- 
tions (E. F. Lundeen, chairman) con- 
ducted letter ballots on revision of 

4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 


Tentative Specifications for Zinc-Coated 
Iron or Steel Sheets, Coils and Cut 
Lengths (A93-52T) and Tentative 
Specifications for Long Terne Iron or 
Steel Sheets, Coils and Cut Lengths 
(A 308 - 50 T). The inclusion of coils in 
these specifications necessitated revisions 
of sections on Finish and Inspection. 
Those matters not controversial were 
later resolved in committee with editorial 
changes and submitted to A-5 for ballot. 
The controversial section having to do 
with number and degree of defects in 
coils will be studied further. 
Subcommittee XII on Wire Specifica- 
tion (J. F. Occasione, chairman). The 
proposed revision of Standard Specifica- 
tion for Zinc-Coated (Galvanized) Iron 
or Steel Tie Wires (A 112-33) has 
progressed to the point where clarifica- 
tion of the sampling procedure is all that 
is required to permit issuance of a draft 
specification. The proposed revision of 
Specification for Zinc-Coated Iron or 
Steel Chain Link Fence Fabric Gal- 
vanized After Weaving (A 117 — 33) has 
been delayed by lack of consensus on 
size tolerance, and further discussion 
indicated a desire to review the Uni- 
formity of Coating (Preece) Test require- 
ment with the thought of deleting same. 
The proposal to delete the Uniformity of 
Coating (Preece) Test requirements from 
Specifications A 122 and A 218 was 
remanded to Subcommittee because of 
the results of letter ballot in Committee 
A-5. This proposal will be reviewed at a 
future time after the results of a forth- 
coming Bureau of Standards report on a 
re-investigation of the Preece tests are 
available for consideration. The sub- 
committee voted to retain Specification 
A 337 — 51 T as a tentative specification. 
The Section on Strand will determine 
whether the new Specification for Zinc- 
Coated Overhead Ground Wire Strand 
(A 363-52T) should be modified to 
include additional constructions or sizes. 
This section will also make recommenda- 
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tions relative to changes in Specifications 
A 122 and A 218 made necessary by the 
issuance of A 363 —- 52 T. Subcommittee 
XII will initiate work on the preparation 
of specifications for zinc-coated armor 
wire and for zinc-coated poultry and 
turkey run netting. 

Subcommittee XIII on Hardware 
Specifications (B. J. Barmack, chairman) 
recommends that Specification for Lead- 
Alloy Coating on Iron and Steel Hard- 
ware (A 267 - 46 T) be dropped because 
lead coating on hardware is not now 
being used commercially. Specifications 
for Zinc Coatings on Structural Steel 
Shapes, Plates and. Bars and Their 
Products (A 123 - 47) and Zinc Coating 
on Iron and Steel Hardware (A 153 - 49) 
have been revised and submitted to A-5 
for letter ballot. The subcommittee is 
studying a Recommended Practice for 
Safeguarding Against Warpage and Dis- 
tortion During Hot Dip Galvanizing of 
Steel Assemblies, also a specification for 
zinc coating (hot dip) on miscellaneous 
fabricated or assembled steel products. 

Subcommittee XIV on Sheet Tests 
(C. P. Larrabee, chairman) makes 
detailed reports of its inspection ac- 
tivities in the even numbered years. The 
atmospheric tests of corrugated sheets at 


tate 


Annapolis, Md., Altoona, Pa., and S 
™ 


College, Pa., were inspected in April, 
1952, and again in April, 1953. 

Subcommittee XV on Wire Tests (F. M. 
Reinhart, chairman) has continued with 
the field inspections. A detailed report of 
the results of 1951 and 1952 inspection is 
appended to this report.’ The test site at 
Sandy Hook, N. J., has been abandoned 
due to extensive damage to the speci- 
mens. 

Subcommitiee XVI on Hardware Tests 
(A. Mendizza, chairman). The entire 
membership of Committee A-5 and a 
subcommittee of the Edison Electric 
Institute have been canvassed relative to 
a proposed new hardware test. Over 100 
questionnaires were sent out and 29 replies 
in favor of a new test were received. It is 
concluded that a new test is warranted. 


This report has been submitted to 
letter ballot of the Committee, which 
consists of 139 mémbers; 96 members 
returned their ballots, of whom 82 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
A. P. JAHN, 
Chairman. 
C. P. LARRABEE, 
Secretary. 


5 See p. 102 
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REPORT OF SUBCOMMITTEE XV ON ATMOSPHERIC EXPOSURE TESTS 


This report summarizes the results of 
the atmospheric corrosion tests on wire 
and wire products through 1952 and pre- 
sents in detail the data from 1951 and 
1952 inspections. Reference to earlier re- 
ports of Committee A-5 on Corrosion of 
Iron and Steel which appeared in the 
Society’s Proceedings for 1939, 1941, 
1943, 1945, 1947, 1949, and 1951 will be 
helpful in studies of these data. These 
earlier reports contain descriptions of 
the test methods and micrographs and 
other characterizations of specimens in 
the test as well as the data assembled 
during previous inspections. 

The materials under test are mostly 
bare steel and zinc-coated wires and wire 
products but copper-covered and lead- 
coated steel wires and chromium and 
chromium-nickel steel wires are also in- 
cluded. The coatings are expressed in 
weight terms of ounces per square foot 
of surface. For ready comparisons of 
coating thickness 1 oz per sq ft of surface 
may be considered as averaging 0.0017 
in. thick for zinc coatings, 0.0013 in. 
thick for copper coatings, and 0.0010 in. 
thick for lead coatings.' 

Specimens of wires and wire products 
have been exposed for about 16 yr at 
eleven locations. The location of these 
sites and their general classification re- 
garding atmospheres are as follows: 


! The lead-coated wires in these tests were lead coated 
over a bonding coat of zinc. See Proceedings, Am. Soc. 
Testing Mats., Vol. 43, p. 87 (1943) for analysis of lead 
coatings. 


102 


OF WIRE AND WIRE PRODUCTS . 


(Covers 1951 anp 1952 INSPECTIONS) 


General 
Test Location Type of At- Remarks 
mosphere 
Pittsburgh, Pa........ | Severe in- On Brunet Island 
| dustrial in the Ohio River 
| about miles 
’ west of the city. 
Bridgeport, Conn......| Industrial | In the city. 
Sandy look, i. Seacoast About 300 yd from 
Atlantic Ocean. 


Santa Cruz, Calif Seacoast | About 3 miles from 


‘acific Ocean. 


State College, Pa......| Rural Central Pennsyl- 

vania. 
Lafayette, Ind........| Rural River Val- 

ey 

Ames, Iowa a Rural Central Iowa. 
Manhattan, Kans Rural — River Val- 
Ithaca, N. Y.. Rural Central New York. 
College Station, Tex... Rural About 120 miles in- 
Davis, Rural 


nd. 
About 80 miles in- 
land. 


The Pittsburgh and Sandy Hook sites 
were abandoned in 1951 and 1952, re- 
spectively. 

At each location, more than 900 speci- 
mens were exposed. These included short 
lengths of wire (42 in. long) and wire 
strand at all locations; farm field fence 
at nine sites; barbed wire at eight loca- 
tions; and chain link fence at eight 
locations. 

The extent of corrosion is being meas- 
ured by weight loss determinations, by 
visual examination of all specimens at 
the test site, and by tension tests on wire 
specimens. The Pittsburgh, Bridgeport, 
Sandy Hook, and State College speci- 
mens were inspected by a traveling com- 
mittee. Inspections were made at the 
other test sites by the university people 
in charge of the test plots. 


9q.ft.of 
Surface® 
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occ 85 


Mag, tinc coating yelght, reported in this coluan is, the ave 


‘ence or barbed 
b All other coating weight groups G or KG. ans 


© All other coating weight groups were 100k. 
Specimens destroyed shortly after this inspection. 


of 
the specific 


test dete: 
lot number 


I. - REP 
Average 
State College, Pa. Lafayette, Ind. Manhattan, Kans. 
Group 1430 1530 15.00 16.00 
¢ 0.27 No. 512] 100k 100k 100k 1008 1008 
+ 
é to 0.30 Wo. 410 100k 100k 100k 100k 1008 Son 
0.30 0.26 No. 412 100k 100k 100R 100k 30k 20h 
7 Avg. 0.29 Wo. 510 100k 100k 100R 100k 100k 15k 
0.28 0.29 No. 412 100k 100k OR 1008 100k 100k | 25h 
0.26 No. 511 1008 200k 100k 100h 100k 30k 
0.25 0.25 Wo. 315 100k 00k 100R 100k 
to 0.20 No. 215 100k 100k 100k 100k 100k 100K 
0.35 0.27 No. 117 100K 100k 100k 100k 100k 
> Avge 0.36 No. 317 | 100k 100k 100k 109K 109k 100k 
0.36 Wo. 27 100k 100k 100k 100k 100k 100R 
0.32 No. 316 100k 100k 100k 100k 100k 
0.30 No, 216 100K 100k 100k 100k 100k 100k i 
0.25 No. 115 100k 100k 100k 100k 100k 100k 
bd 0.35 0.36 Wo. 520 100k 100k 100 100R 100k 
te 0.35 No, 422 100k 100k 100k 100R 
0.45 0.32 No. 423 100R 100k 100k 100k 100k 100R 
Avg. No. 522 100k 100k 100k 100k 100k 
0.36 0.37 No, 282 100K 100k 100k 100k 100R 
0.38 No, 521 100k 100k «100k 
No. 421 100k 1008 100R 10k 100k 100k 
io. 325 100h 100k 1008 100k 100k 
to 0.50 No. 228 100k = -:100h 100k 100k 
0.55 0.5% No. 329 1u0h 100k 60h 69k a 
Avg. 0.52 227 100k 10h 65h 97% 
0.47 0.42 No. 125 100k 100k 100k 100k 100k 100k : 
No. 127 100h 100k 100k 75k Yok 
0.38 No. 326 100h 100k 100K 90k 100k 3 
ho. 226 100h 100h 25h 83h 
0.47 No. 327 100h 100h 95h 
0.50 0.61 No. 530 200k 100k 100k 10 
to 0.57 No. 432 | + 10k 100k 
0.60 0.60 No. 531 100k 100h 100k 100k lu 
Ave. Wo. 431 100k 100k 100k 100k lo 
0.56 0.56 Nos 430 10uk 100R 100h 1 
a! 
0.60 0.69 Ko, 330 50h 90k 100k 
to No. 236 50K 95k 100k 
¢ 0.70 0.61 No. 335 100k 100k 9 
Avg. 0.63 No. 237 95k 100k 100k 1 | 
0.65 0.7% No. 135 99k 100k OR \ 
0.57 No. 337 100k 100k Ok 2 } 
é 0.67 No. 235 100k 100k OR 
0.65 No. 239 100k 100k Ok 
0.67 No. 138 100k OR 
0.64 No. 139 100k 100k OR 
0.66 No. 336 100R 100k OR 2 
4 
0.70 0.70 No. 540 45k 65h 
> to 0.72 No. 100h 0K 
2. 0.85 0.7 N oun 95h 0h 
Avg. 0.78 Ne Lp OK 
0.75 0.70 Ne 100k 0K 
0.7% N 20k 0k 
0.76 No. 100k 20K 
0.67 No. 100h 
i 0.60 1.05 Wo. G G 
1.00 No. 25k OOR 
a No. 35K 00h 
No. vOh 
> avg. 50h 
1.60 No. 552 
to No. 451 
> 1.00 1.75 Wo. 
AVE. 1.69 No. 2! - 
1:65 Wo. 351 
1.76 No. 250 
1.69 No. 551 = 
1.50 No. 450 
1.75 No, 352 
1.86 No. 251 
1.06 No. 151 
heavy 2.00 No. 397 a 
AVE. 2.72 No. 298 
2.89 3.00 No. 299 


- REPORT OF 


1952 INSPECTIONS OF UNFABRICATED WIRE SPECIMENS 


College Ste., lex. Davis, Cal. 
14.03 14.05 15.00 15.6] 
Yr. ir. ir. tr. 
POR 100k 100k 100k 
1004 63h 100k 100h 1008 92h 
30k 20h 2% 100k 
15k 47k 100k OR 
108 25h 32k 100k 100k 
30k 100k 100k 
3k 100k Abbreviations and symbols used to designate appearanc 
40K Th 100k 1008 67% not showing actual rough rust of base metal. R= rust of 
30k 40k 100k 26k corroded to black, trom, or green D = dark 
G 13k G tween and G, preda 
25h 30h lek 53k lk * Speckled appearence, 
5k 10h 19h 20h 19h 2k 
Sh 20h 25R 33h 48h Gr 
68R 100R 1008 42h 
a 2R 25h 100k 100k lk lk 
a a on lk 12k hk G G 
Sk ik Gr Lah G G 
a a lla Uk G G 
a ak 6h G G 
a lbh 20h G G 
10h 10h 19: lk 22h G G 
a a 100k 10k GY a ut G G 
a a 100k oh a a a G G 
a lk a ibn luk G G 
a a 100h 10k a a GY G G 
a Qa 100k lbh a 15k lh lk 
a a 1Wh 10h a lob Sh G G 
a 100k a Gye G G Abbreviations and symbols used t» desi, 
100k 6h a G G PHY = rust or yellowed in pinholes. 4, ur 
@ a 100k Th a cr a G G exclusion of a better observation. i * in 
a a 100k 6k a a a G G respectively: superficial Y and superficia: 
a 100k AG G ae AG 
G G 100k G G G G 
GY 100k 10K Qa Y G c 
G G 100K ok a Y Sk G 
mG KG G G Gage Wire 
KG G 100h G ae G Copper-cov- No. O21, 7.42-08 
toon = Gre ered wire 9 No, 022, ¥.2h-02. 
Qa a 100K ae lk G 
cr a 100R a GY a cre G G Lead-coated 6 No. O40, 1.40-02. 
100k a G G Wires 9 No. O4l, 1.4o-08. 
bad a 100k x 4-1/2 No. 1 
a bes 100k a @ a @ bd 6 Corrosion-hesistant Uncoated wires: 
G G 
te 4G 9M G G G G G G Cold drawn 9 No. OO4 
4G 100k G G G G G 17 Noe 005 
G 100K BG BG G G G G 
100h - r r - air 10 No. 006 
G G 400k a Y are G G 
G a 10uk x cre G qunchet Wo. 007 
G 
a 100k a a G 18k r., 5 Ho. 008 
KG G G G AG Ni. 12 No, 008 
nG 100k G G KG 20 No. 009 
KG G G G G G G u No. O15 
nG 63k G G G G aG 
G G G G G G G 
G 100h G G are G 
G 99h - - pa 
aG AG aG AG G G G G 
AG AG 99k G G G G BG 
a 100k w a Gre G G Gage Wire 
a 65h GY @b G Gb 
Copper=cov- ll No. U21, 742-02. 
kG mG Sandy hook, N.J.¢ Bridgeport, Conn. ered wire 9 No. 022, 9.2h-08. 
Lead-coated 6 No. 1.40-02. 
G G G hn No. O42, 1.60-02. 
KG G G G 35m No. » 1-90-08. 
KG me G a 15h 30k Corrosion-hesistant Uncoated wires 
G oh 12-14 Cr., 12 No. OO1 
MG lk 35h 45h 17 No. 005 
“mG G G G a 12-144 Cr., 3 No. 02 
G G G a air 10 No. 006 
4G G G G quenched le No. 007 
184 Cr., 15 No. 003 
6a Ni. 12 No. 008 
20 No. 009 
No. O15 
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| 
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;CIMENS. PLATE | 


PROCEEDINGS, AM. SOC. TESTING MATS. 
VoL. 53 
REPORT OF COMMITTEE A-5; 
WIRE INSPECTION REPORT 


A = metallic, G = gray, ¥ = yellowed, or rust stained, but 

= rust or yellowed in pinholes. B, Br, Gn, respectively, a Soety 
exclusion of a better observation. Cr = yellow from chromate ¢ 

showing indication of Y. Pigures (as 5, 20, 50, 100) are percentages, 


} used to designate appearance or state of corrosion: nm = metullic, G = gruy, Y = yellowed, k = rust of base metal, FHK, 
holes. ub, ur, Gn, respectively, signify corroded to a black, brow, or green appearance. D = aark (dirt or soot) to the 
don. a * intermediate between % and G. GY predominately gray but showing indication of Y. SY* or Sk* indicate, 


ind superficial, k, the asterisk denoting a speckled appearance. Figures (as 5, 20, 50, 100) are percentages. K+Y = 
of K and Y. 


# Sandy Hook, N J. Bridgeport, Conn. State College, fa. College Sta., Texas Davis, Calif. 
14.30 15.30 14.53 15.79 14.84 15.87 

‘ire Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. 
7k2-08. la @ Gn=-B Ga br br Br Br 
22, Gn Gn Ga Ga Br Br Br Br 
WO, 1.40-02. LOOK+Y GYrHk 100h+Y 100k+Y 20k+Y 21k+Y 20Sk 19Sk 
100h+¥ GYHHR 4 100k+Y 100h+¥ 55R+Y SOR+Y 70Sk 60SR 

43, 1.9008. 100h+¥ GY Pik 4 100h+Y 100k+Y 18Sk 
res: 
ol Y KG 100h+¥ 41Sk 
vi YSk 4 Y KG KG 40SKk 26SR 
05 YSk GY NG 100h+Y 27R+Y 50Sk 4oSh 
02 YSk GY GY BG KG 6h+Y 19SR 19Sh 
06 YSR oY 4 KG AG 16Sh 
03 aG KG MG HG MG 
08 MG MG MGTrY MGTrY MG 
09 MG KG AG MGTrY MG MG 
15 AG MGIrY¥ MGTrY - 
Lafayette, Ind. ames, lowa Manhattan, Kans. ithaca, N.Y. Santa Crus, Calif. 

1h .08 15.62 1.93 15.96 15-90] 
wire Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. Yr. 
U21, 742-02. Gn Gn br br br Br B Gn br br 
022, 9-24-08. Gn Br br Br br B brGn Br br 
1.40-028. 17h 10k* 42h+Y 20Sh 18Sk 
041; 1-40-08 50k 25k 20K LOK+Y LOk+Y 613k 
042, 1.60-02 SOPHR 32k 64h 10k 15k 205k 23SR 
043, 1.90-o8. 39h G 20k+¥ 20h+¥ 30SR 36SR 
res: 
001 sY 1kSY MG GOSk 87Sk 
a x AG sy* 30Sh 

4 sy MG M he sy* 25SK 26SK 
007 M xX 4G K 703K 67Sh 
00; a sY xX M MG AG 


* Specimens destroyed shortly after this inspection 
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Findings from Weight-Loss Specimens: 
At the start of the test, zinc-coated 
wire specimens were exposed at Pitts- 
burgh, at Sandy Hook, and at State Col- 
lege to determine the rate of loss of coat- 
ing. These tests have now been completed 
and summarized in the 1947 report. The 
over-all average annual loss of coating 
in ounces per square foot of surface at 


tion is shown. The galvanized specimens 


are divided into the coating weight — 


groups established originally in the test 
to cover galvanized wire supplied under 
commercial specification at that time. 
The detailed inspection records collected 
in 1951 and 1952 are presented in Table 
I (Plate I) for unfabricated wire, Table II 
for barbed wire, Table III for farm field 


Pittsburgh is 0.369; at Sandy Hook it is 
0.117; and at State College it is 0.060. 


Findings from Visual Examination for 
Corrosion at the Test Plots: 


The condensed and summarized in- 
spection records of corrosion through 


1952 are shown in Table A. In this table | 


is shown the average number of years un- 
til first rust and until 100 per cent rust 
appeared at various locations on all 
groups of specimens where progress of 
rusting has been sufficient to determine 
the values. For all other groups the aver- 
age state of corrosion at the last inspec- 


Fic. 1.—Wire Lots Nos. 139 and 247—Galvanized Steel Exposed 15 yr at College Station, Tex. (<5). 


fence, Table IV for chain link fence, and 
Table V for wire strand. These tables are 
similar in form to the tables in previous 
reports. 

The corrosion performance of any in- 
dividual specimen of barbed wire or of 
farm field fence listed in Tables II and 
III may be directly compared with the 
performance of specific unfabricated wire 
specimens listed in Table I (Plate I). The 
Reference Information Table (Plate IT) 
shows the lot numbers of wires used in 
fabricating all farm field fence and 
barbed wire samples. 


At the time of inspection, records are 
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COVERING ATMOSPHERIC ExposurRE TESTS OF WIRE AND WIRE PRODUCTS 


made of the appearance of each speci- 
men. Prior to the time of rusting the 
specimens are noted as appearing “me- 
tallic,” “gray,” “yellow,” etc. After rust- 
ing has begun, estimates are made of the 
percentage of area rusted on each speci- 
men. 

The term “‘rust” as given in the inspec- 
tion instruction states: “Rust means real 
rust of the base metal—ordinarily a 
rough corroded area.” The committee 
has been in agreement on interpretation 
of this term in their various inspections, 
but some of the exposure plots have 
never been visited by members of the 
committee. 

During the past few years inspection 
reports from College Station, Tex., and 
from Santa Cruz, Calif., two of the least 
corrosive sites, have listed certain gal- 
vanized wires as rusting at what ap- 
peared to be too early a date for the 
coating weight and exposure location. 
Specimens from the 14 wire lots involved 
(Nos. 541, 440, 444, 345, 247, 430, 431, 
336, 337, 235, 238, 239, 138, 139) were 
removed from the racks after 15-yr expo- 
sure, examined by the committee and 
were all rated GY or Y although the in- 
spection reports had rated them as vary- 
ing per cent R. ' 

The wires had a speckled, rough ap- 
pearance, not similar to that observed at 
locations where corrosion was more rapid. 
The speckled rough appearance was due 
to the formation of globules of iron hy- 
droxide on the iron-zinc alloy coating. 
This seems to be peculiar to exposures in 
dry warm atmospheres. In atmospheres 
of rain, snow, or more rapid corrosion, 
these same coatings weather to dark 
shiny films. 

The specimens were further subjected 
to stripping tests to determine the weight 
of remaining coating Chemical analyses 
of the coatings and photo-micrographs 
of the corroded areas were made. 

The weight of zinc coating remaining 
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as determined by stripping tests varies 
from 75 to 85 per cent of the original 
coating weight. The corrosion products 
on the surface of these wires is mostly a 
mixture of hydroxide of iron and zinc 
carbonate plus a considerable amount of 
chlorides, and some phosphates. There 
is some excess iron in the coating, un- 
accounted for except as having come 
from the base metal. Photomicrographs 
(Figs. 1 to 5) show that the only areas 
where the galvanized coating has dis- 
appeared are in a few scattered round pits 
0.003 to 0.006 in. in diameter. Attack of 
the steel base metal is, if present, too 
minute to be recognized in the micro- 
graphs. 


Findings from Tension Tests: 


Tension tests are made on the unfabri- 
cated wire specimens. These specimens 
are exposed in groups of seven compari- 
son samples taken from the same lot of 
wire and supposedly alike. An attempt 
is made to remove and test the first 
specimen of each group when it has lost 
5 to 10 per cent of its strength, and the 
seventh specimen when it has lost some 
75 per cent of its strength. There were 
originally about 840 tensile strength 
specimens exposed at each site. The 
number of specimens removed to date 
is shown in Table B. 

Early in 1951, just prior to the aban- 
donment of the Brunot Island (Pitts- 
burgh) test site all the remaining (11) 
galvanized wires were taken for tensile 
strength test. The results were reported 
in the 1951 Proceedings together with a 
summary of the complete tensile strength 
test data from Pittsburgh. 

During the 1951 inspections 57 tensile 
strength specimens were taken from 
Sandy Hook, 55 were taken from Bridge- 
port, and 67 were taken from State Col- 
lege. During the 1952 inspections the 
only specimens taken were from Sandy 
Hook where 9 galvanized specimens, 10 


| 3 
| 
| 
| 
| 
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TABLE B.—NUM OF TENSILE STRENGTH 
* SPECIMENS R REMOVED FOR TESTS. 

Number of Wires z 

| Removed 1951 and 1952 2 
Bi 

Pittsburgh, Pa........ 0 il 0 0 771 
Sandy Hook, N. J 12 54 4 12 462 
Bridgeport, Conn...... 0 0 392 
State College, Pa 19 48 0 0 185 
All Other Sites........ 0 0 0 0 415 
43 | 4 | 12 | 2225 


oitt LE C.—TENSILE STRENGTH TESTS OF 

AD-COATED, COPPER-COATED, AND CORRO- 
SION. RESISTANT STEEL WIRE EXPOSED 15 YR 
AT SANDY HOOK, N. J. 


15 yr 
Original sure 
Hook 
Wire Lot Type a a 
| 82 | 
52/83 §2 
No. 001 Cr.D 1230 3.0 | 1245 2.5 
No. 004 Cr.D 2420 | 3.5 | 2330 | 3.0 
No. 005 Cr.D 320 2.1 310 2.0 
No. 002 Cr.Q 1310 4.2 | 1340 3.3 
No. 006 erg 2480 4.0 | 2500 5.0 
No. 007 Cr. 280 | 4.7 290 | 3.7 
No. 003 Cr.Ni 1280 | 0.5 | 1315 ; 
No. 008 Cr.Ni 2510 | 2.3 | 2525 
No. 009 Cr.Ni 2900; ... | 310 
No. 015 Cr.Ni 1250 | 0.8 | 1260 0.6 
No. 021 Cu Coat 1640 --- | 1620 
No. 022 Cu Coat 2320 2295 
No. 040 Pb Coat 1700 9.5 | 1760 | 10.0 
No. 041 Pb Coat 1070 12.8 | 1050 7.5 
No. 042 Pb Coat 670 | 13.0 665 7.5 
No. 043 Pb Coat 300 | 17.1 285 


corrosion-resistant steel specimens, 2 cop- 
per-coated specimens, and 4 lead-coated 
specimens were taken. 

The test results from these specimens 
are included in Tables VI, VII, and VIII 
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TABLE D.—LOSS IN TENSILE Sreaeere, PER 
CE NT PER YEAR OF EXPOSURE 


No. | No. | No. No. No. 


Exposure Site 14% | 12% il 
Gage | Gage Gage 
Pittsburgh, |} 15 10 7 5 3 
Sandy Hook, N. J..... 9 5 4 3 2 
Conn...... + 2 | 1 
State College, Pa...... 4 2 1 1 


which contain all the data accumulated 
to date for the bare steel and galvanized 
steel wires at Sandy Hook, Bridgeport, 
and State College, respectively. 

The corrosion-resistant steel, copper- 
coated, and lead-coated specimens from 
any location have shown no loss of 
strength nor change in elongation value 
to date. The lead-coated wires after 15 
yr exposure at Sandy Hook showed no 
loss of strength, but the coating peeled 
and flaked off during tensioning, leaving 
the whole wire bare. The results of the 
tensile strength tests on these specialty 
wires after 15 yr of exposure at Sandy 
Hook are shown in Table C. 

On the basis of tests to date the loss in 
tensile strength by uncoated steel wires 
and by zinc-coated steel wires after the 
wire begins to rust is shown in Table D. 

This report was prepared by Mr. A. C. 
Jahn, former chairman of Subcommittee 
XV. 


Respectfully submitted on behalf of 
the Wire Test Inspection Committee, 


F. M. REINHART, 


Chairman. 
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SOME OBSERVATIONS ON THE PREECE TEST AND STRIPPING TESTS 
FOR ZINC-COATED WIRES* 


By G. A. Extincer,! W. J. Pavut,’ anp T. H. Orem! 


SYNOPSIS 


A report on an investigation of the Preece test published in 1934 by Groes- 
beck and Walkup concluded that the rates of solution of variously applied 
galvanized coatings on steel wires depended upon the type of coating and that 
the test could not be used to determine the coating thickness although it is a 
satisfactory means for ascertaining the uniformity of coating. Following recom- 
mendations of these investigators regarding certain precautions to be taken 
in conducting the test, a recent evaluation of the Preece test has confirmed 
the observations concerning the difference in solution rates of different types 
of galvanized coatings. Electrogalvanized, regular hot-dip galvanized, asbes- 
tos-wiped and galvannealed coatings, as well as wires drawn from electrolytic 
and Prime Western zinc were investigated. Weight losses measured after each 
Preece dip showed that galvannealed and asbestos-wiped coatings composed 
largely of zinc-iron alloy dissolved at the slowest rates and that regular gal- 
vanized and electrogalvanized coatings consisting largely of free zinc dissolved 
at a rate approximating that of pure zinc. Anomalous results sometimes 
encountered in the test were investigated and were found to result from irregu- 
larities in the coating or differences in coating components. 

The weight of coatings on the various wires was determined by the hydro- 
chloric acid-antimony chloride and the sulfuric acid methods recommended in 
ASTM Method A 90? and in addition by means of a 1:1 hydrochloric acid- 
water solution. Additional stripping was conducted in accordance with an 
electrolytic method first recommended by Glazunov and by Britton. All 
methods produced relatively uniform results. The electrolytic stripping 
method, in addition to giving results comparable to those obtained by chem- 
ical stripping, provided data which, when plotted as time-potential curves, 
furnished readily interpretable information regarding the processes by which 
the wire was coated and the relative proportions of alloy layer and pure zinc, 
where applicable, comprising the coating. 


far 
_— of the most widely used tests for Preece test, which consists in placing a 
the inspection of galvanized steel is the sample of the material to be tested in a 
* Presented at the yes sixth Annual Meeting of the solution of copper sulfate under standard 
Society, June 28-July 3 conditions, and determining the number 
1 Chief, Chemist, Metallurgist, respectively, Cor-. 
og | Section, National Bureau of Standards, Washing- of 1-min immersions which can be made 
ton 
? Standard Methods of Test for Weight of Coatingon before bright, adherent copper will plate 


Zinc-Coated (Galvanized) Iron or Steel Articles (A 90 - . 
39), 1952 Book of ASTM Standards, Part 1, p. 1015. out on the specimen due to the exposal 
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of the underlying steel. The method was 
first used by Pettenkofer (1)* in testing 
galvanized telegraph wires for the Ba- 
varian Railways in 1848, and, about 
1880, was also used by Sir William Henry 
Preece (from whom the test took its 
name) for the same purpose. The test 
has been included in many specifications 
for galvanized materials and, practically 
ever since its inception, has been the 
subject of considerable criticism. Al- 
though intended primarily as a test to 
determine areas of minimum thickness 
of coating, the results have frequently 
been distorted as indicating total weights 
of coating and useful life of the product 
in service. Patrick and Walker (2) in 
1911 and Bablick (3) in 1926, among 
others, reveal that there was a very 
marked difference of opinion as to the 
real significance of the test. In 1934, 
Groesbeck and Walkup (4) published the 
results of a comprehensive investigation 
of the Preece test including a study of 
the composition of the solution, prepara- 
tion of the specimen, end points, and 
thickness distribution of the coatings. 
The present ASTM Standard Method of 
Test for Uniformity of Coating by the 
Preece Test (Copper Sulfate Dip) on 
Zinc-Coated (Galvanized) Iron or Steel 
Articles (A 239-41)‘, which is widely 
used, had its foundation in the work of 
Groesbeck and Walkup. 

There are many recognized inconsis- 
tencies in the results of the test. Certain 
types of coatings are reported to with- 
stand more ‘“‘Preece dips” than the same 
thickness of other types; for example, 
pure zinc coatings applied electro- 
lytically are said to withstand fewer 
dips than other coatings. There also 
appeared to be a lack of consistency 
among results even from the same type 
of coating. Due to these inconsistencies 
there has been an increasing demand in 

*The boldface numbers in parentheses refer to the 


list of references appended to this paper, see p. 135. 
41952 Book of ASTM Standards, Part 1, p. 1066. 


recent years for the removal of this test 
from wire specifications as ASTM Com- 
mittee A-5 on Corrosion of Iron and 
Steel did to sheet and plate as long ago 
as 1911. Consequently, at the request of 
Subcommittee VII on Methods of Test- 
ing of Committee A-5, the National 
Bureau of Standards undertook an 
investigation of some of the features of 
the test, as reported herein. 


TABLE I.—TYPE AND WEIGHT OF GALVANIZED 
COATINGS. 


Stripping Other 
Methods, Methods, 
oz per sq ft oz per sq ft 
Type of Coating 
= rs) 
Aa 
A Electro- {10.97|0.96/0.97|0.96) 0.98 | 0.94 
B } galvanized \J0.51}0.51/0.51}0.48] 0.54 | 0.26 
Cc 1.04 | 0.79 
D Regular 0.90 | 0.84 
E Galvanized | 1.25)1.24/1.24)1.20) 1.22 | 1.11 
F 1.20/1.17)1.18)1.18) 1.34 | 1.00 
G 0.51)/0.52/0.52)0.50| 0.54 | 0.44 
H_ |}Asbestos Wiped 0. 42/0. 390.41) 0.43 | 0.46 
J 0. 0.25 | 0.23 
1.55 | 1.37 
4 0. 68|0. 66/0. 68|0.64| 0.75 | 0.66 
(Galvannealed 0.72|0.72|0.74\0.67| 0.89 | 0.72 
N jj 26/0. 22) 0.26 | 0.18 
MATERIALS 


Thirteen samples of wires represent- 
ing four types of coatings, with two or 
more thicknesses of zinc for each type 
are shown in Table I. Originally it was © 
planned to investigate four different 
weights of coatings for each type so 
that direct comparisons of types and 
weights could be made. At the time the 
testing was started, not all of these were 
obtained, however, and thus could not 
be included. Consequently, there is not 
a complete series-of-four coating weights 
for any of the types. Heavily coated 
unwiped wires submitted by the manu- 
facturers as Double Galvanized, Type 3, 
etc. are designated as regular galvanized 
in the table, while those which have 


aa 
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been run through asbestos pads (Single 
Galvanized, Tight Wiped,- etc.) are 
designated asbestos wiped. Galvannealed 
refers to those coatings which have been 
applied by hot dipping and subsequently 
heat treated. As a control and for com- 
parison purposes electrolytic zinc rods 
swaged to 0.195 in. in diameter were 
used. Similar rods swaged from Prime 
Western spelter were also used, but the 
results of the tests were so similar to 
those of the electrolytic zinc that they 
are not included here. iets 


EXPERIMENTS 
Weight of Coating: 


Preliminary to the Preece test deter- 
minations the weights of the coatings on 
the various wires were obtained by three 
conventional methods of acid stripping, 
by electrolytic stripping, by Magné-gage 
measurements, and by metallographic 
examination. The standard concentrated 
hydrochloric acid-antimony chloride 
solution described in ASTM Standard 
Method A 90? was used as a control, and 
the coating weights obtained by this 
method are used throughout this report 
except where noted. A dilute hydro- 
chloric acid solution, made by mixing 
equal parts of concentrated hydrochloric 
acid and distilled water, has been pro- 
posed as an alternate for the standard 
ASTM solution. The 4 per cent sulfuric 
acid solution? used as an alternate 
method in determining the weight of 
coating on galvanized sheets, but not 
specified for wire, was also used for 
comparison with the standard method. 

Electrolytic stripping was conducted 
in accordance with the method inde- 
pendently developed and contemporarily 
used by Glazunov (5) and by Britton (6). 
A cell similar to that used by Britton 
was employed, in which the specimen 
was made the anode and a piece of 
perforated zinc sheet the cathode. The 


electrolyte consisted of 20 parts of cp 
sodium chloride and 10 parts of cp 
hydrated zinc sulfate dissolved in 100 
parts of distilled water. The specimen 
was placed in the center of a 600-ml 
beaker with the cathode curved around © 
the inside wall. The temperature was 
controlled by immersing the beaker in a 
water bath which was maintained at 
25 + 2 C. The current density main- 
tained on each specimen (about 300 ma 
per sq in.) was determined experimen- 
tally as that which would remove the 
zinc coating at a slow enough rate to 
permit satisfactory readings and to pre- 
vent heating of the solution. Readings 
of voltage and amperage were made 
every 30 sec and the weight of the coat- 
ing removed was determined from the 
number of coulombs used, assuming a 100 
per cent anode efficiency calculated on 
the basis of pure zinc. 

Magne-gage measurements of the coat- 
ing thicknesses were made peripherally at 
about 25 places along a 6-in. length of 
each wire. 

Microscopic measurements of the coat- 
ing thicknesses were also made on cross- — 
sections of the wires which had been — 
copper plated for protection of the 
edges and then mounted in Bakelite and — 
polished in accordance with a a 
described by Rowland and Romig (7). 
The alumina-water mixture used in the 
polishing operation was maintained at a 
pH of 7.0 to 7.6 in order to prevent 
pitting of the coatings. The polished 
specimens were etched in a solution of 3 7 
drops of concentrated HNO; in 50 ml of 
amyl alcohol. 

Results of the measurements of the — 
total weight of coating for each of the 
materials by all of these procedures are ‘ 
given in Table I. There were no signif-_ 
icant differences in the results of strip-— 
ping by the three acid methods. Electro- 
lytic stripping produced results similar 
to those of the acid methods but tended 
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to indicate slightly lower weights of 
coatings, particularly in the galvannealed 
samples. Magne-gage readings were gen- 
erally in good agreement with the strip- 
ping results except for the galvannealed 
materials and specimen F (regular gal- 


used for determining the thickness of 
galvanized coatings. 

During electrolytic stripping each 
type of coating produced a distinctly 
characteristic potential-time curve, Fig. 
1. The original curves were drawn from 
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vanized) where appreciably higher values 
were indicated by the Magne-gage read- 
ings. The metallographic observations of 
coating thicknesses generally indicated 
lower values than those obtained by 
other methods. This method, of course, 
is subject to variations in polishing and 
etching techniques, and is not generally 


TIME, 
Fic. 1.—Representative Potential-Time Curves for Electrolytic Stripping of Various Types of 


30 40 50 


points plotted at 3-min intervals. For 
electrolytic zinc the cell potential was 
about 290 mv and for the steel basis 
metal about 850 mv. The total thickness 
of a specific type of coating is propor- 
tional to the length of time required for 
stripping to basis metal, provided that 
the current is maintained at the same 
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value. For example, electrogalvanized 
wire A, containing approximately a 1-oz 
coating was completely stripped and 
reached the steel potential after about 
30 min, while electrogalvanized wire B, 
containing about half as much coating 
reached the steel potential after about 
15 min. Barring eccentricity for a given 
type of coating, the only influence of the 
weight was to displace the curve for a 
thinner coat to the left in the direction 
of shorter stripping time; the character- 
istic shape of the curve for that coating 
was not affected. Typical curves for 
electrolytic zinc and the four types of 
coatings are shown in Fig. 1; different 
coating thicknesses were deliberately 
selected for the various types of coating 
to avoid confusion in the chart and to 
illustrate clearly the different features of 
the curves. 

For electrolytic zinc and for coatings 
containing an outer layer of pure zinc 
represented by specimens A and E, the 
potential of the cells increased during 
the first minute after which they gradu- 
ally decreased to values which remained 
constant for several minutes. In the case 
of the electrolytic zinc specimen, as 
might be expected, the potential, was 
constant at about 290 mv for the dara- 
tion of the test, more than 40 min. The 
electrogalvanized wires which most 
nearly exhibit the ideal condition of zinc 
on iron with no intermediate phases, 
represented by material A, likewise 
assumed a constant potential which held 
for about 23 min, and after 30 min 
sharply rose to the value for steel. The 
fact that there is a curve between 23 and 
30 min may be taken as indicative of a 
slight nonuniformity in the coating or a 
slight nonuniformity in current distribu- 
tion. There were no intermediate breaks 
in the curve. The regular hot-dipped 
galvanized wires, represented by material 
E, showed an intermediate plateau, the 
potential leveling off at about 420 mv 


and then increasing rapidly with time to 
the steel potential of about 850 mv. The 
intermediate leveling is due to the pres- | 
ence of a zinc-iron alloy which has a cell 
potential somewhat greater than that of 
zinc but considerably less than that of 
steel. 

Judging from the shape of the curve 
for the asbestos-wiped wires, represented 
by G, the knowledge obtained from 
curves A and E indicates that this type 
of coating does not contain an outer free 3 
zinc layer, but rather a thin layer of 
mixed zinc and zinc-iron alloy and a 
second layer of zinc-iron alloy. This type 
of curve is similar to that which would 
be obtained if, in the wiping process, the 
first 16 min had been removed from 
curve E. 

The galvannealed wires represented by 
M, Fig. 1, have an initial potential 
considerably higher than that of pure 
zinc and somewhat greater than the 
level for zinc-iron alloys as found in 
asbestos-wiped wires. This high initial 
value observed on all galvannealed speci- — 
mens, regardless of thickness of coating, 
indicates a surface layer of different 
composition, perhaps an oxidized layer. 
The potential drops from this value to 
about that of the zinc-iron alloys in the 
other curves and then rises rapidly to 
the steel potential. 

While the acid-stripping methods used 
furnish information only on the total 
thickness of coating, the electrolytic 
method makes it possible to determine 
from the curve the type of coating, its 
total thickness, and the number and 
approximate thickness of constituent 
layers. While the stripping times used in 
these experiments were long, about 40 
min for the heaviest coatings, these can 
be reduced to 5 min or less by the use 
of higher currents. However, increasing 
the stripping rate will provide less in- 
formation concerning the constituents of 
the coatings themselves. The method 
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appears to be capable of providing much 
information regarding these coatings. 


Preece Test: 


Preece tests were made on samples of 
all of the materials in accordance with 
the recommendations of Groesbeck and 
Walkup (4) and the ASTM Standard 
Method of Test A 239-41.4 The test 
samples were 6 in. long with 1 in. of each 


‘TABLE II. 7G TEST—NUMBER OF DIPS AND 
EIGHTS OF COATINGS. 


7 Weight of 
Coating, 

oz per sq ft . 

| by Preece] 

Type of Coating 2 Teste 
we 
A |\Electro- {| 5 | 8 |0.97\0.92] 0.15 | 95 
B } galvanized 3 | 5S |0.51/0.50) 0.13 | 98 
Cc 8 |1.00/0.79] 0.13 79 
D |\ Regular 7 | 9% 0.11 | 97 
E Galvanized 8 | 12 |1.25/1.18] 0.13 | 94 
F 10 | 16 |1.20)1.08) 0.10 | 90 
G 3 6 |0.51}0.43) 0.11 84 
|}Asbestos Wiped 3 | 5 |0.42/0.33} 0.08 | 79 
J 2| 4 |0.27/0.23] 0.08 | 85 
| 1.35|1.10) 0.09 | 81 
16 |0.68/0.62) 0.06 | 91 

M |{Gelvannealed 6 | 10 |0.72|0.56| 0.08 | 78 

N 2 5 |0.25)0.21| 0.07 
Electrolytic Zine Wire 0.16 


1-min dips. 
b Dip on Which copper was deposited; one more dip 
than i column 
x; 
Coating somoves | in Preece Test (at failure) X 100 


Coating removed in Stripping Test (HCl) 


end coated with an acid-resisting enamel 
so that 4 in. of the galvanized wire were 
completely immersed in the Preece test 
solution. According to the standard 
procedure, the specimens were given dips 
of 1 min each to failure, the end point 
being the last dip prior to the appearance 
of an adherent copper coating which 
deposited from the solution as a result 
of baring of the steel. When the test 
program was being developed it was 
suggested that }-min Preece dips also be 


we 


included. Dips of this duration are in- 
cluded in some specifications for wires 
containing light weight coatings. How- 
ever, there was some question of the 
value of }-min dips inasmuch as some 
belief existed that the dip time was mis- 
leading and that two }-min dips did not 
equal one 1-min dip. The number of 
dips on the various materials is given in 
Table II. 

No difficulty was encountered with 
false end points (premature copper de- 
posits) except for material L (galvan- 
nealed). Premature copper deposits oc- 
curred on these wires after the first few 
dips, but these could always be removed 
by vigorous brushing. These deposits 
were of the dark color typical of pre- 
mature end points, and not of the bright 
color of the true deposit. 

To determine the amount of coating 
removed during each dip, specimens, 
prepared as previously described, were 
weighed at the start of the test and after 
each dip, the loss of coating weight being 
calculated in ounces of zinc per square 
foot of surface area. A fresh solution was 
used for each dip and the zinc and iron 
contents of the discarded solution were 
determined. In general the iron contents 
were not large enough to justify correc- 
tions in the loss of weight. The weights of 
coatings removed at the end of the Preece 
test (1-min dips) and the average weight 
removed during each dip are given in 
Table II. The loss in weight is that deter- 
mined for the dip on which copper de- 
posited, this being one more than that 
given in column 3 of the table. 

The weight of coating, dissolved in 
successive dips, either 1 or } min, was 
practically constant except for a slight 
change in rate of the regular galvanized 
wires when the outer free zinc coating 
was removed and the zinc-iron alloy 
bared. The number of }-min dips, how- 
ever, was only about 60 per cent greater 
than the number of 1-min immersions, 


7 


ay 


' 


it 


Exuincer, PAuLt, AND ON PREECE AND StrRippInc TESTS 131 


indicating that more than half of the 
total coating removed in 1 min was re- 
moved in the first half minute. This 
relationship held for all types of coatings. 

It will be noted that not all of the 
zinc coating is removed in the Preece 
Test, the amount ranging from 78 to 98 
per cent of that removed by stripping 
with the concentrated HC! solution. At 
least 95 per cent of the coating was re- 
moved from the electrogalvanized wires 
and, with one exception, 90 per cent or 
more from the regular galvanized wires. 
The coatings on these wires consisted 
either entirely or partly of free zinc. On 
the other hand, coatings consisting 
largely or entirely of zinc-iron alloy 
were only 85 per cent or less removed 
except for one galvannealed wire from 
which 91 per cent was removed. 

The results show that the electrogal- 
vanized samples had very uniformly dis- 
tributed coatings and that when the end 
point was reached in the Preece Test, the 
wires were nearly completely covered 
with copper. As additional evidence of 
the nature of the coating, the average 
weight of coating removed for each 1-min 
dip approached that of pure electrolytic 
zinc (0.16 oz per sq ft). This is further 
verified by the microscopic examination 
which revealed that the coating on each 
wire was approximately the same thick- 
ness around its circumference and of uni- 
form composition. 

For regular galvanized wire there is no 
good relationship between the number of 
Preece dips and the total weight of coat- 
ing. Sample D with a coating of 0.92 oz 
per sq ft withstood 7 Preece dips, whereas 
sample C with a 1.00 oz coating with- 
stood only 5 dips. However, only 79 per 
cent of the coating on sample C was 
removed at failure, while 97 per cent of 
that on sample D was removed. Exam- 
ination of the samples after failure indi- 
cated that the coating on sample D had 
been almost completely removed and 


that the copper had deposited uniformly 
on the wire, while that on sample C was 
very eccentric, being estimated to be 
surface as on that diametrically oppo- 
site. Microexaminations of cross-sections 
of wires from the same lot confirmed 
these visual observations. Obviously, — 
the coating of sample C was me 


approximately twice as thick on 4 


entirely only along a line on one surface 
at failure, approximately 20 per cent 
remaining on the wire. Similar inconsis- 
tencies in the number of Preece dips and 
the total weights of coatings are also 
noted for specimens E and F. These 
coatings, however, were quite uniform 
as evidenced by the percentage removed 
and by microexamination. The possible 
reason for these differences is discussed 
later. The average weight of coating 
removed from the regular galvanized 
wires for each dip was slightly less than 
that for electrogalvanized wires. 

The asbestos-wiped wires had light 
coatings 0.5 oz per sq ft or less. The 
copper deposits at failure were generally 
local and nonuniform with considerable 
coating remaining on the wires. On 
sample H the failure was along a single 
line and microscopic examination re- 
vealed some eccentricity of coating. The 
average weight removed per dip was 
considerably less than that for the elec- 
trogalvanized wires. 

The heaviest and the lightest coatings 
investigated were found on galvannealed 
wires. Similar to the regular galvanized 
samples there are some inconsistencies 
in the number of dips and the total 
weight of coating, for example, samples 
L and M had approximately the same 
weights of coating but differed widely in 
the number of dips at failure. Sample M 
which withstood 6 dips had only 78 per 
cent of its coating removed, while sam- 
ple L which withstood 10 dips had 91 
per cent of its coating removed. Failure 
of specimen M was along a single line 
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and most of the surface of the wire still 
retained its coating. The copper deposit 
on specimen L was considerably greater 
than on specimen M and while not per- 
fectly uniform was more evenly dis- 
tributed. The eccentricity of the coating 


moved for each dip apparently reflects 
the type of coating on the sample. Pure 
zinc is dissolved in the Preece Test solu- 
tion at the average rate of about 0.16 oz 


per sq ft per min. Electrogalvanized 
coatings, containing pure zinc only are 
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Fic. 2.—Comparison of Cumulative Weight Losses of Various Types of Coatings and Zinc During 


1-min Preece Dips. 


of specimen M was confirmed by micro- 
scopic examination. The copper deposits 
on the other two specimens K and N 
were considerably more spotty than that 
on sample L. The average weight of 
coating removed for each dip was ap- 
proximately 0.08 oz per sq ft. 

It should be pointed out at this time 
that the average amount of coating re- 


= 


removed at the average rate of about 
0.14 oz per sq ft per min, while regular 
galvanized coatings consisting partly of 
free zinc and partly of zinc-iron alloy are 
removed at an average rate of about 
0.12 oz per sq ft per min. Asbestos-wiped 
coatings containing small amounts of 
free zinc but mostly zinc-iron alloy and 
galvannealed coatings consisting entirely 
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of zinc-iron alloy have removal rates of 
about 0.08 oz per sq ft per-min, about 
half of that of pure zinc. 

All of the curves for a given type of 
coating were similar, except that the 
total weight of coating affected the 
number of dips to failure. Representative 
curves for each type of coating are shown 


in Fig. 2 for 1-min dips and in Fig. 3 for 


galvanized wires the rate changes, reflect- 


ing the exposure of the zinc-iron alloy — 


layer. 


Coatings of asbestos-wiped wires com- 


posed largely of zinc-iron alloy but con- 
taining small amounts of free zinc have 
considerably lower solution rates as in- 
dicated by the smaller slopes of the 
curves. The slope of these curves is 
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Fic. 3.—Comparison of Cumulative weg Losses of Various Types of Coatings and Zinc Dur- 


ing }-min Preece Dips. 


3-min dips. These curves are for the 
same samples as in Fig. 1. Curves from 
specimens of electrolytic zinc wire are 
also shown for comparison in each figure. 

The curves of Figs. 2 and 3 indicate 
that in the early stages of the test the 
rates of solution of the electrolytic zinc, 
the electrogalvanized wires, and the 
regular hot-dip galvanized wires are 
similar. These coatings are composed 
either entirely of zinc or contain an 
outer zinc layer (regular galvanized) 
and solution would be expected to be at 
approximately the same rates. After the 
zinc layer is removed from the regular 


about the same as for the galvannealed 
wires, which are composed entirely of 
zinc-iron alloys. 

The solution rates of the various coat- 
ings indicate the reason for the difference 
in number of dips which these coatings 
will withstand. For example, the slope of 
the curve for removal of the galvannealed 
coating, Fig. 2, is approximately half of 
that for the coatings composed entirely 
or largely of pure zinc. This indicates 
that the coatings which are composed 
almost entirely of zinc-iron alloy should 
dissolve at about half the rate of the 
pure zinc coatings and should withstand 
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approximately twice the number of dips. 
The number of dips that a uniformly 
coated regular galvanized wire should 
withstand would depend not only upon 
the total thickness of the coating, but 
also upon the relative amounts of pure 
zinc and zinc-iron alloy. Materials E 
and F furnish examples of this observa- 
tion. Both have coatings approximately 
1.2 oz per sq ft. Material E, however, 
withstood 8 dips while material F with- 
stood 10. Examination of the micro- 
structures indicate that the coatings are 
uniformly distributed, but that of mate- 
rial E contains considerably more free 
zinc than that of material F. This is 
further shown in the results of electro- 
lytic stripping experiments which indi- 
cate that the coating of material E con- 
tains about 40 per cent of pure zinc 
layer and that of material F contains 
about 30 per cent. 

The foregoing indicates that the num- 
ber of dips that a galvanized wire will 
withstand varies with type, uniformity, 
and weight of the coating. As Groesbeck 
and Walkup pointed out, the Preece test 
should not be used as a test for weight 
of zinc coating or for an indication of 
performance in service until the relative 
merits of zinc and zinc-iron alloys can 
be established by service exposure tests. 


CONCLUSIONS 


The number of dips which a galvanized 
coating will withstand in the Preece test 
is dependent not only upon its thickness 
but also upon its uniformity, composi- 
tion, and type. Zinc-iron alloys dissolve 
in the standard solution at about half 
the rate for pure zinc. Consequently, 
electrogalvanized coatings, consisting en- 
tirely of pure zinc, fail after only half as 
many dips as comparable weights of gal- 
vannealed coatings, which consist en- 
tirely of zinc-iron alloy. The number of 
dips obtained on regular hot-dip coatings 


depends upon the relative amounts of 
pure zinc and zinc-iron alloy; coatings 
consisting largely of pure zinc with only 
a small amount of alloy will withstand 
fewer dips than those composed of a 
thin outer layer of zinc and a large 
amount of alloy. The Preece test there- 
fore cannot be used as a measure of the 
thickness of the zinc coating. 

The Preece test is capable of providing 
information concerning the uniformity 
and distribution of the zinc and whether 
or not there are thin spots in the coat- 
ing. Where such information might be 
used, as in irregular shaped articles or in 
parts formed or deep drawn from zinc- 
plated steel, the test could be of some 
value. 

False end points were not a serious 
problem in this investigation, although 
they did occur on one galvannealed 
coating. Proper cleaning precautions 
minimized the difficulty. 

Advantage was taken of the various 
types and thicknesses of coatings sup- 
plied to investigate several methods of 
stripping to determine the weights of 
coatings. The results of stripping with 
concentrated hydrochloric acid, dilute 
hydrochloric acid (1-1) in water, and 4 
per cent sulfuric acid in water were very 
similar. 

An electrolytic stripping method using 
a sodium chloride-zinc sulfate electrolyte 
was used to determine the nature of the 
various coatings. Each type of coating 
produced a characteristic curve which 
indicated both the total thickness of the 
coating and the nature and thickness of 
each layer. The electrolytic stripping 
procedure yields more information than 
is obtained from acid stripping. 
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Committee A-6 on Magnetic Proper- 
ties held two meetings during the year: 
| the first in New York, N. Y. on June 


; 23, 1952, during the Annual Meeting, 
. and the second at Niles, Ohio, on March 


The changes in personnel of the com- 
mittee during the year include the ap- 
pointment of W. T. Sackett, Jr., to 
represent Battelle Memorial Inst., and 
_ P. P. Cioffi to succeed V. E. Legg as 
_ representative o the Bell Telephone 
Laboratories. The committee regrets 
the loss of R. C. Taylor as its secre- 
: tary resulting from the withdrawal of 
the Western Union Co. from member- 
ship on the committee. Milan Get- 
ting, Jr. has been appointed to fill the 
unexpired term as Secretary. R. G. 
Fernald replaces A. E. Swickard as 
po representative of the Western Electric 
Co., and D. I. Gordon replaces D. S. 
; Muzzey, Jr. as representative of the 

Naval Ordnance Laboratory. 
} The committee has four active task 
J 


2, 1953. 


& ao 


groups working on (a) specifications for 
electrical sheet and strips, (6) normal 
variability of magnetic properties of 
_ electrical sheet, (c) a manual of magnetic 
testing to supplement the standard test- 

_ ing specifications, and (d) a thorough- 
going revision of the specifications for 
a-c testing. These groups are all active 
and are making progress. 


* Presented at the Fifty-sixth Annual Meeting of the 
_ Society, June 28-July 3, 1953. 
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REPORT OF COMMITTEE A-6 


ON 


ADOPTION OF ‘TENTATIVE REVISIONS 


AS STANDARD 


The committee recommends that the 
tentative revisions of the following 
standards! be approved for adoption as 
standard: 


Methods of: 


Testing Magnetic Materials (A 34-49), and 
Test for Permeability of Feebly Magnetic Ma- 
terials (A 342 — 49). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee; 27 members 
returned their ballots. Following is a 
summary of the results: 


Not 
Voting 


Affirma- Nega- 
tive tive 


Testing Magnetic Materi- 
Test for Permeability of 
Feebly Magnetic Mate- 
No Returns—5 


This report has been submitted to 
letter ballot of the committee, which 
consists of 32 members; 27 members 
returned their ballots, of whom 26 have 
voted affirmatively and 0 voted nega- 
tively. 

R. L. SANFORD, 
Chairman. 
M. GETTING, JR., 
Secretary. 


1 1952 Book of ASTM Standards, Part 1. 


Committee A-7 on Malleable Iron 
Castings held two meetings during the 
past year: the first at Atlantic City, 
N. J., on June 24, 1952 and the second 
in Detroit, Mich., on March 3, 1953. 

During the year, the committee lost 
the valued services of George E. Bean, 
whose long-time and active interest in 
malleable iron developments put him in 
position to contribute much to the work 
of Committee A-7 and to the further- 
ance of ASTM interests. George J. 
Behrendt of the Naugatuck Works of 
the Eastern Malleable Iron Co. will 
serve as Mr. Bean’s successor in repre- 
senting his organization on the com- 
mittee. 

F. T. McGuire has been substituted 
as the Committee A-7 representative of 
Deere & Company since the retirement of 
Hyman Bornstein, but the committee is 
fortunate in having the continued in- 
terest and active help of Mr. Bornstein 
through his representation, on the com- 
mittee, of the American Foundrymen’s 
Society. E. B. Fields will represent the 
Santa Fe Railroad since E. E. Chap- 
man’s retirement, and, for like reason, 
E. L. Layland will represent the West- 
inghouse Company in place of C. T. 
Eakin. 

At the present time the committee 
consists of 55 members, of whom one is 
classified as “not voting”; of the 54 
voting members, 27 are classified as 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. Oe 
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REPORT OF COMMITTEE A-7 
ON 
MALLEABLE IRON CASTINGS* 


producers, 14 as consumers, and 13 as 
general interest members. 


TENTATIVE CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specifications for Malleable 
Iron Flanges, Pipe Fittings, and Valve 
Parts for Railroad, Marine, and Other 
Heavy Duty Service (A 338 - 51 T)! be 
continued as tentative without revision. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Chemical and 
Physical Methods of Testing (L. G. 
Toye, chairman) has been giving con- 
sideration to impact testing of the var- 
ious types of malleable iron through the 
use of 0.505-in. diameter cantilever type 
specimens. Work on this project is 
being continued with interest centered 
on normal, subnormal, and elevated 
temperatures. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 55 members, one classified as 
“not voting”; 41 members returned their 
ballots, all of whom have voted affirma- 
tively. 


Respectfully submitted on behalf of 
the committee, 
W. A. KENNEDY, 
Chairman. 


James H. LAnsING, 


Secretary. 
~~ 14952 Book of ASTM Standards, Part 1. 
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Committee A-9 on Ferro-Alloys held 
its last meeting in New York City on 
June 24, 1952. The principal item of 
business at this meeting was considera- 
tion of a proposed change in the wording 
of the scope of the committee. This 
committee then recommended to the 
Joint Coordinating Committee of Com- 
mittees A-1, A-9, A-10, B-2, and B-4 
the following wording: 


“The formulation of specifications covering 
additive materials such as metals not com- 
mercially refined, ferro-alloys, and other met- 
als and metal compounds used in melting 
operations in the steel and associated metal 
industries.” 


This revision was presented to the 
members of Committee A-9 and the 
resulting ballot showed 17 affirmative 
votes, no negative votes, with 1 marked 
“not voting.” 

The Joint Coordinating Committee re- 
ported on October 31, 1952, on its letter 
ballot of August 19. This canvass showed 
7 affirmative votes, 1 “not voting,” and 
no negative votes. 

The new scope was made official when 
the Board of Directors of the American 
Society for Testing Materials approved 
the revision. 

With the formal adoption of the re- 
vised scope, a committee appointed on 
June 29, 1949, to prepare By-laws for 
Committee A-9, was able to function. 
By-laws were prepared, distributed to 
the membership, and adopted unani- 
mously. 


* Presented at be Fifty-sixth Annual Meeting of the 
Society, June 29July 3, 1953. 
1 1932 Book of ASTM Part 1. 
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REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


Standard Specifications for Ferroman- 
ganese (A 99 

Subcommittee I on Specifications has 
received criticisms from the American 
Tron and Steel Institute and the United 
States Steel Co. regarding Specification 
A 99 for Ferromanganese. Their conten- 
tion is that it is extremely difficult to 
meet the requirement for 78 to 82 per 
cent manganese in the standard (7.5 per 
cent max carbon) grade considering the 
character of the manganese ore largely 
available now for the manufacture of 
this alloy. The committee has prepared 
a revision of this specification which 
was referred to the members of Com- 
mittee A-9 for letter ballot. This pro- 
posed revision presents two grades of 
the standard ferromanganese instead of 
one, grade A being the same as now 
specified, and grade B containing 74.0 
to 78.0 per cent manganese with im- 
purities the same as for grade A. The 
vote on this revision was 25 affirmative, 
0 negative, and 3 not voting. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 28 members; 25 members 
returned their ballots, of whom 24 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. C. BowDeN, Jr., 
Chairman. 
G. F. Comstock, 
Secretary. 


—— 


REPORT OF COMMITTEE A-10 
ON 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED ALLOYS* 


Committee A-10 on Iron-Chromium, 
TIron-Chromium-Nickel, and Related Al- 
loys held meetings at New York, N. Y., 
on June 26, 1952, during the Annual 
Meeting of the Society, and on March 3, 
1953, at Detroit, Mich. 

The present committee consists of 97 
members, of whom 41 are classified as 
producers, 41 as consumers, and 15 as 
general interest members. 

W. F. Hodges and R. H. Heyer ‘have 
been designated to represent Committee 
A-10 on the Committee E-1 Task Groups 
on Methods of Hydrostatic Pressure 
Testing and Methods of Bend Testing, 
respectively. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee A-10 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


Tentative Specifications for: 


Iron-Chromium and _Iron-Chromium-Nickel 
Alloy Tubular Centrifugal Castings for Gen- 
eral Applications (A 362 — 52 T). 


Revision of Tentative Recommended Practice for: 
Boiling Nitric Acid Test for Corrosion-Resisting 
Steels (A 262 - 44 T). 


These recommendations were accepted 
by the Standards Committee on Sep- 
tember 5, 


* Presented at the Fifty- oa Annual Meeting of the 
Society, June 28-July 3, 1953. 


1952, and the new and revised- 


tentative specifications appear in the 
1952 Book of ASTM Standards, Part 1. 


New TENTATIVE 


The committee recommends that the 
proposed Tentative Specification for 
Stainless Steel Wire Strand be accepted 
for publication as tentative, as appended 
hereto.’ 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee A-10 joins with Committee 
A-1 on Steel in recommending for im- 
mediate adoption revision of the follow- 
ing standards and accordingly asks for a 
nine-tenth affirmative vote at the Annual 
Meeting in order that these recom- 
mendations may be referred to letter 
ballot of the Society. 

Standard Specifications for Seamless 
and Welded Ferritic Stainless Steel Tubing 
for General Service (A 268 — 47).? 

Section 11(a).—Revise to read as 
follows: 

From each group of 100 finished tubes or 
fraction thereof, one tube shall be selected at 
random for the tension test specified in Section 
6. 

Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel Still 
Tubes for Refinery Service (A 271 - 47)2 

Table IT.—Change the weight toler- 
ances from the present “3.5 per cent 
over and 5 per cent under” to read “5 per 
cent over and 5 per cent under.” 


1 The new tentative was accepted by the Society and 
ap 1953 Supplement to Book of ASTM Stand- 


a) 19s? Book of ASTM Standards, Part 1, 
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Section 12(a).—Adopt as standard the 
tentative revision issued October 20, 
1951, and published as an editorial note 
to the specifications. This tentative re- 
vision covers the reduction of number of 
tension tests required. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IV on Methods of Cor- 
rosion Testing (F. L. LaQue, chairman). 
—The principal activities of this sub- 
committee during the past year included 
the following: 

Specimens to compare the behavior of 
straight chromium and chromium-nickel 
stainless steel sheets as used in archi- 
tectural applications in the Pittsburgh 
atmosphere were prepared and exposed 
by a subgroup under the chairmanship 
of C. P. Larrabee of the U. S. Steel 
Corp. The assistance of the Stainless 
Steel Technical Committee of the Ameri- 
can Iron & Steel Inst. was secured in 
providing the large number of test speci- 
mens that will be required for the full 
scale program of atmospheric tests that 
has been under consideration for several 
years. Final details of specifications for 
test pieces that have been allocated to 
the several producers are being worked 
out by subgroups. It is hoped that speci- 
mens can be exposed before the end of 
1953. 

A subgroup under the chairmanship of 
M. H. Brown of duPont has been engaged 
in preparing a footnote for the Tentative 
Recommended Practice for Boiling Nitric 
Acid Test for Corrosion-Resisting Steels 
(A 262 - 44 T), with particular reference 
to its use for certain grades of stainless 

3 The letter ballot vote on these recommendations 


= Lp the results of the vote are on record at 
TM Headquarters. 
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steel, particularly Types 321, 316L, and 
columbium-modified 316. It is expected 
that this will be presented for action 
during the June 1953 meeting of the 
committee. 

Attention is being given the possible 
adoption of a newly developed electro- 
lytic oxalic acid etching technique as a 
means for screening stainless steels from 
the boiling nitric acid test, Recommended 
Practice A262. This technique was 
described in a paper by M. A. Streicher 
entitled ‘Screening Stainless Steels from 
the Nitric Acid Test by Electrolytic 
Etching in Oxalic Acid,’* which was 
sponsored by the subcommittee. Subse- 
quently, with the cooperation of M. H. 
Brown and M. A. Streicher of the E. I. 
duPont de Nemours Engineering Experi- 
ment Station, specimens of different 
grades of stainless steel in different con- 
ditions of heat treatment were dis- 
tributed among 17 cooperating labora- 
tories in a round-robin test program to 
compare the etching technique with the 
results of the standard boiling nitric 
acid test. The results of this effort are 
being summarized by a subgroup under 
the chairmanship of M. H. Brown.’ Con- 
sideration will be given to adding this 
technique as a supplement to Recom- 
mended Practice A 262. 

In accordance with action taken by 
Subcommittee IV and by Committee 
A-10, broken Charpy impact test speci- 
mens from the studies of sigma phase 
that were undertaken by Subcommittee 
VI were turned over to Subcommittee IV 
for tests in boiling nitric acid as per 
Recommended Practice A262. These 
tests were carried out by M. H. Brown 


4 Published in ASTM Buttetin, No. 188, February, 
1953, p. 35 (TP27). 


5 The pa S gras the results of this test program 
| in No. January, 1953: F. H. 
Beck, N. D. Greene, Jr. and M G. Fontana, ‘Electrolytic 


Etching in Oxalic Acid Used ‘to Screen Cast CF-8 and 
CF-8M Stainless Steels from the 240-hr Nitric Acid Test,” 
p. 68 (TP30); G. W. Jackson and W. A. Luce, “ ‘Screening 


Cast Stainless Steels by Electrolytic Etching in Oxalic 
Acid,” p. 71 (TP33); M. A. Streicher, “Results of Cooper- 
ative Testing Program for oe tg uation of the Oxalic 
Acid Etching Test,” p. 63 (TP 
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at the duPont Engineering Experiment 
Station and the results were turned over 
to Subcommittee VI. Arrangements are 
being made for metallographic study of 
thes pecimens from these acid tests, to be 
followed by a joint subcommittee report. 

Another subgroup under the chairman- 
ship of K. M. Huston of the Armco Steel 
Corp. is engaged in drafting require- 
ments for the boiling acid copper sulfate 
evaluation test for stainless steels. 

The subgroup under the chairmanship 
of E. G. Holmberg of the Alloy Steel 
Products Co. expects to present the final 
draft of the proposed recommended 
practice for the cleaning and passivation 
of stainless steel equipment for con- 
sideration and appropriate action at the 
June meeting of the committee. 

Subcommittee V on Mechanical Testing 
(R. Heyer, chairman).—Mr. H. T. Oat- 
man, chairman of the Task Group on 
tension testing has reported on the 
cooperative tension tests of Type 301 flat 
samples, in light and heavy gages, in the 
annealed, } hard, and } hard conditions. 
The Task Group has been charged with 
the completion of the present program 
and reviewing of the entire program, with 
a view to possibly repeating a part of it 
and reporting at the June meeting. | 

The question of need for better defi- 
nition of the method of determining 
elongation in certain flat bar products 
covered by specifications A276 was 
referred to the Task Group on tension 
testing for study and recommendations. 

Subcommitiee VI on Metallography (R. 
Franks, chairman).—The activities of 
this subcommittee have been largely 
devoted to the preparation of a formal 
report on metallographic techniques for 
identification of sigma phase in austenitic 
chromium-nickel steels. The committee 
asks permission to publish this report 
with the annual report of the committee 
in these Proceedings.® 


6 See p. 143. 
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Subcommitiee VIII on Specifications — 
for Wrought Products (R. B. Gunia, — 
chairman).—As a result of a number of 
proposed revisions in Specifications 
A 276, a Task Group has been appointed 
to effect those changes. This specification 
will be continued as a tentative until 


such time as the work has been com- 
pleted. 


Subcommittee IX on Specifications for 
Flat Products (G. W. Hinkle, chairman). 
—A proposed change in the nominal 
tensile strength value of Type 430 in 
Specifications A 176 and A 240, Grade D, : : 
from 70,000 psi to 65,000 psi minimum, 
necessitated by change in the annealing 
practice for this grade aimed to produce 
soft temper for drawing, has been sub- 
mitted to letter ballot of the subcom- 
mittee. 

The subcommittee also approved the — 
classification of the bend test require- — 
ments in Specifications A 240. 

The subcommittee voted favorably on | 
the proposal to include AISI Type 305 in | 
Specifications A 167 and A 240. Similar — 
action was taken with respect to a sug-— 
gestion recommending modification of — 
Specifications A 167 and A177 to — 
form with AISI standards as regards 
permissible variations in dimensions and 
weight, and to include type number 
designations as per AISI Manual 24 of 
April, 1950. 

W. H. Hodges’ task group is preparing 
a report on the mechanical properties of 
extra-low-carbon grades 304L and 316L. 

Subcommitiee XII on Specifications for 
High-Temperature Super-Strength Alloys 
(H. D. Newell, temporary chairman) has 
elected a permanent chairman and more 
specifically defined the scope and tasks 
of the subcommittee. The permanent 
chairman is L. L. Wyman. 

A task group under the nro 
of W. IF. Simmons has undertaken to 
prepare a complete listing of all available 
super-strength alloys. Upon completion — 
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of this list, specifications will be written 
for one each of the following: (a) hot-cold 
worked, (6) precipitation aging, and (c) 
cast super-strength alloys which will be 
identified only as A, B, and C. Three 
subgroups have been appointed to draft 
tentative specifications for these alloys. 

A second Task Group with L. B. Fonda 
as chairman has prepared a compilation 
of the existing aeronautical materials 
specifications for high temperature alloys 
of super-strength properties. 


i! 


Report OF COMMITTEE A-10_ 


°° 


This report has been submitted to 
letter ballot of the committee, which 
consists of 97 members; 96 members 
returned their ballots, of whom 91 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


JEROME STRAUSS, 
Chairman. 


M. A. Corpovl, 
Secretary. 
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sf APPENDIX 


In response to requests to Committee 
A-10 by industrial users of stainless 
steels that it devise a simple etching 
procedure for identifying the “sigma 
phase” in these steels, Subcommittee 
VI on Metallography of A-10 was di- 
rected to make a study of various 
etching techniques to determine if some 
simple procedure might be developed 
to accomplish this end. Samples were 
prepared and appropriately heat treated 
to produce the sigma constituent as 
identified by X-ray diffraction measure- 
ments, and furnished to various co- 
operating laboratories for study. The 
work has been carried out over the 
period since 1947, during which time 
many individuals and organizations have 
contributed their efforts. The cooperat- 
ing laboratories in the investigation, 
at which the experimental work was 
carried out, were the following: 

National Bureau of Standards 

Chapman Valve Manufacturing Co. 

United States Steel Corp. 

Midvale Co. 

Armco Steel Corp. 

Republic Steel Corp. 

Union Carbide and Carbon Research 

Laboratories 
Babcock & Wilcox Co. 


EXPERIMENTS ON ETCHING PROCEDURES FOR THE IDENTIFICA- 
s. TION OF THE SIGMA PHASE IN AUSTENITIC 
CHROMIUM-NICKEL STAINLESS STEELS 


(CONDUCTED UNDER SPONSORSHIP OF SUBCOMMITTEE VI) 


The International Nickel Co., Inc. 
Canadian Department of Mines and 
Technical Surveys 


PREPARATION FOR TESTS 


Steels: 


Three compositions were chosen for 
the investigation, that would provide 
the desired variations in sigma con- 
tent. Their analyses as reported by 
three different laboratories are given in 
Table I. 

The steels were made by the United 
States Steel Corp. (Type 304), and by 
the Republic Steel Corp., and were 
finished to size by the Rustless Iron | 
and Steel Division of the Armco Steel 
Corp. which distributed the samples. 

Steel No. 1 was an AISI 304 type 
which was not expected to develop 
the sigma phase. 

Steel No. 2 was a low-nickel AISI 

317 type containing 3.50 per cent 

molybdenum. 

Steel No. 3 was also an AISI 317 
type but contained somewhat more 
nickel than steel No. 2. Although it 
was originally felt that the increased 
nickel content might stabilize oe 
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austenite and result in freedom from 
sigma phase, this did not prove to be 
the case. After annealing, the steel 
was wholly austenitic and contained 
no magnetic ferrite but it did undergo 
sigma transformation on subsequent 
heating at elevated temperatures. 


Approximately 100 lb of each of the 
three steels in the form of 3-in. diameter 
centerless-ground bars for Charpy im- 
pact test specimens were first water 
quenched from 2000 F after being held 
for } hr at temperature. In lots of 18 
from each of the three steels, the bars 
were then heated for 25 and 500 hr at 


TABLE I.—CHEMICAL COMPOSITIONS. 


REpoRT OF ComMITTEE A-10 (APPENDIX) 


Impact Test Specimens: 


The impact test specimens were ma- 
chined to conform to the Charpy key- 
hole type B specimens of ASTM Methods 
E 23.' Although the preliminary ma- 
chining of the specimens to the 10-mm 
square form was carried out by three 
different groups, the final notching was 
done by a single shop. In this latter 
operation the hole was drilled and the 
notch completed by a saw cut. 


Specimens for Other Tests: 


Unless specifically stated, all other 
tests were carried out on sections from 
the broken impact test specimens. 


Steel No. 1 
Manganese, per cent.................. 0.45 0.46 
0.35 | 0.34 
18.18 18.22 
9.27 9.33 
Molybdenum, per cent................ 0. 0.04 


each of the temperatures 1200, 1350, 
and 1500 F and air-cooled. The samples 
from these bars were tested at room 
temperature. Six additional bars of each 
steel were air-cooled from each of the 
above temperatures after 500 hr holding 
time and the impact specimens there- 
from tested at the temperatures of heat 
treatment after a 20-min holding period. 
A series of six bars of each steel in the 
quench-annealed condition was also in- 
cluded, and the specimens from this 
group were tested at room temperature. 
In the case of the bars subjected to the 
25-hr holding time the heat treatment 
was carried out at a single laboratory. 
For the longer treatments three different 
laboratories each handled a single tem- 
perature. 


Steel No. 2 Steel No. 3 
Cc A A B 
0s7 | 0.085 | 0.079} 0.081 | 0.071 | 0.070 | 0.067 
46 1.67 1.66 1.66 1.60 1.57 | 1.60 
34 0.48 0.49 0.48 0.67 0.72 0.69 
19 17.71 17.86 | 17.73 18.39 18.34 | 18.30 
33 9.35 9.45 9.45 13.49 13.57 | 13.48 
3.51 | 3.75 | 3.44 | 3.51 | 3.70 | 3.48 
0.054 | | 0.060) 
X-RAY DIFFRACTION STUDIES 
Before an accurate interpretation 


could be placed upon the results of the 
various tests, or before any unknown 
metallographic constituent could be posi- 
tively identified as sigma, the presence 
or absence of this phase in the samples 
had to be established. This was done 
by a study of the X-ray diffraction 
patterns. Preliminary tests were first 
carried out at several laboratories. The 
samples were prepared either by deep 
etching to remove phases other than 
sigma from the surfaces to be exposed, 
or by obtaining a powder residue ex- 
tracted by electrolysis in a solution that 
dissolved phases other than sigma. 

In addition to sigma one laboratory 


1 Tentative Methods of Impact Testing of Metallic 
Materials (Designation: E 23 - 47 T), 1952 Book of ASTM 
Standards, Part 1. p. 1451; Part 2. p. 1248. 
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reported the presence in certain of the 
samples of a phase other than sigma, 
characterized by a diffraction pattern 
like that of alpha-manganese. This 
phase has been reported by Andrews? 
in steels containing chromium, nickel 
and molybdenum. It is here referred 
to as “chi phase.” Its presence was later 
confirmed by other laboratories. 

In the final tests powder residues were 
employed prepared by extraction with 


ETCHING PROCEDURES FOR 


TABLE II.—IDENTIFICATION OF SIGMA AND OF CHI PHASES BY X-RAY DIFFRACTION. 


IDENTIFICATION OF SIGMA 145 
showed strong lines for carbides, weak 
lines for austenite, and weak unidentified 
lines. No conclusive indication of lines 
for delta iron was found. In steel No. 2 
after both 25 and 500 hr at 1200 F the 
diffraction patterns showed strong lines 
for austenite and ferrite and weak 
lines for carbides. The results of the 
tests are shown in Table IT. 

X-ray diffraction tests of steel No. 1 ; 
showed no evidence of the presence of 


| 


Reheated to 1200 F Reheated to 1350 F Reheated to 1500 F 
Laboratory 25 hr 500 hr 25 hr 500 hr 25 hr 500 hr 
Sigma | Chi | Sigma | Chi | Sigma | Chi | Sigma | chi | sigma | Chi | Sigma | Chi 
STEEL No. 2 
t t t t P 
SS ae N | N N N ? ? P P P 4 t P 
No. 3... ? P ? P 
No. 4.. t t as P t t P 
| N N N | P P 
N N N 4 t P 
Steet No. 3 
No. 1... N N t N P 
 ’ aes fd N N N N t N N N P 
No. 3... N N wis N pe P ‘a és P 
No. 4... t P 
No. 7... N ue N is N t ? P 
t—trace. 
N—no indication—not present. 
P—present. 


?—presence inconclusive. 


either ferric chloride (electrolytic) or a 
solution of cupric ammonium chloride 
and hydrochloric acid. A separation 
was made of the ferromagnetic from 
the nonmagnetic particles of steel No. 
1 after treatment at 1200 F for 500 hr, 
and of steel No. 2 after 25 and 500 hr 
at 1200 F, by passing a magnetized 
needle through the residue and dislodg- 
ing the attached particles from the 
needle. Diffraction patterns from the 
ferromagnetic particles of steel No. 1 


2 Andrews and Brookes, “Metal Treatment and Drop 
Forging,” July, 1951, pp. 301-311; Andrews, Nature, De 
cember 10, 1949, p. 1015. 


either sigma or chi regardless of the 


temperature of reheating or the time . 
at such” temperature, while in steel No. — 
3 only sigma was detected after heating 
at 1350 F and 1500 F for 500 hr with 
both phases present after 500 hr heating 
at 1500 F. In steel No. 2 both phases 
appeared after 500 hr at 1350 F or only 
25 hr at 1500 F. One laboratory reported 
the presence of sigma in diffraction — 
patterns of steel No. 2 after heating to 
1200 F for 500 hr and to 1350 F for only - 
25 hr. This laboratory did not report 
the presence of chi phase in any of the 


steels. 
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MAGNETIC PERMEABILITY 


Preliminary magnetic measurements 
were made using a Magne-gage, the 
results of which are shown in Table 
Il. 

Precision permeability determinations 
are given in Table IV. In order to insure 
that no worked metal was present in the 


TABLE III.—MAGNE-GAGE READINGS. 


Steel No. 1 Steel No. 2 
Condition 
: Lab. | Lab. | Lab.| Lab. | Lab. | Lab. 
No.1} No.2 No.1 | No.2 |No.3 
2000 F-% 
Reheated to: 
1200 F—25 hr 219217 6 
500 hr...| 13.3 | 23.5 | 24 | 3.1 | 8.6 | 6 
OOhr...| 1.1 5.0 | 2 Oto; 1.4) 0 
| 1.4 | 
1500 F—25 hr...| 0.25 ed 010 1 0 
0.8] 0.8) 0 | 0 | 1 | 0 


E IV.—MAGNETIC PERMEABILITY MEAS- 
UREMENTS (FIELD STRENGTH—436 OERSTEDS). 


| Steel No. 2 
Steel | Steel | Steel | (directional 
No.1} No.2| No.3! measure- 
Condition ments)® 
2000 F— hr water.... 1.0028)1.127 |1.0028)1.127 |1.046 
1200 F—25 hr ...... 1.063 |1.096 |1.0020/1.096 1.040 
500 hr . 1.223 |1.140 |1.0027/1.140 (1.056 
1350 F—25 hr......... 11.064 1.087 |1.0027|1.087 |1.028 
500 hr.... | 1.0158) 1.0025 1.0031/1.0025 
1500 F—25 hr ......... 
500 hr .. 1.0036) 1.0026} 1.00501 .0026 


* In the case of Steel No. 2 (directional measurements): 

up is the permeability observed with field parallel 
to rolling direction. 

#y is the permeability observed with field per- 
pendicular to rolling direction. . 


samples in these permeameter tests, 
sections approximately } in. cube were 
prepared from the end of the specimen 
away from the fracture and all faces 
ground to remove all traces of tool and 
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stamping marks. The specimens were 
then etched with a hot solution of equal 
parts of concentrated hydrochloric acid 
and water to remove about 0.005 in. 
of metal from each face. 

Samples having permeabilities less 
than 1.004 mu probably contained no 
ferromagnetic phase, whereas higher 
values indicate its presence. Even in the 
case of the highest values observed (1.22 
mu for steel No. 1 after 500 hr at 1200 
F) the concentration is probably less than 
1 per cent. The data for steel Nos. 1 
and 2 are plotted in Fig. 1. 


130 
T it Te ture 
SteelNo.| 


[SteeINo.2---- --»-- 


Permeobility, 4 
ro) 


1200 1350 1500 
Reheating Temperature, deg Fahr 


2000 
Water 


Fic. 1.—Permeability Values for Steels Nos. 1 
and 2 


Metallographic examination had 
shown that the ferrite in steel No. 2 was 
in the form of “stringers.” The four 
specimens of this steel that showed 
definite evidence of ferromagnetism were 
measured with the magnetic field both 
parallel and perpendicular to the direc- 
tion of rolling. The lower values at 90 
deg to the direction of rolling verified 
the elongated character of the constitu- 
ent in the direction of rolling. No such 
directional effect was found in the 
permeability values for the other steels. 

A consideration of the permeability 
data indicates a nonmagnetic state in 
the case of the quench-annealed speci- 


| 
~ 


ETCHING PROCEDURES FOR 


men of steel No. 1, with the deyelopment 
of a magnetic phase after reheating to 
1200 F and to 1350 F. At higher tem- 
peratures the steel again becomes non- 
magnetic. In the case of steel No. 2 
transformation from a magnetic to a 
nonmagnetic condition is indicated after 
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tory to laboratory, but all excepting that 
used by Laboratory C conformed to the 
requirements of the Tentative Methods 
of Impact Testing of Metallic Materials 
(ASTM Designation: E 23-47 T) for 
Simple Beam Type Apparatus (Charpy 
Type Test).! 


TABLE V.— AVERAGE CHARPY IMPACT VALUES, KEYHOLE NOTCH. 


varied in design and make from labora-' 


| Number of Reheated to 1200 F|Reheated to 1350 F Reheated to 1500 F 
Steel | Water — - 
| quenched Reheated | 25hr | soohr | 25hr | | 25hr | 500 br 
No. 1 | A | 65.5 2 | s | os | 87.7 | soo | 49.9 | 55.5 | 48.7 
B | 6 64.4 59.6 56.9 50.6 58.2 50.9 
Cc | 5 80.0 | 77.8 | 70.4 | 63.0 | 69.4 | 63.8 
D | $7.8 1 1 65.1 | 54.2 | 53.3 | 48.1 | S42 | 47:3 
Average 62.9 12° 64.3 58.3 56.2 49.7 56.5 49.6 
No. 2 A 76.3 3 6 49.0 39.2 40.6 18.1 29.8 11.2 
B 6 52.7 | 42.9 | 45.0 | 20.9 | 30.4 | 11.7 
c 5 62.0 | 50.4 | 50.2 | 18.6 | 39.8 | 11.8 
D 78.4 1 1 49.0 | 37.3 | 40.6 | 18.5 | 311 7.8 
Average 76.8 w 50.7 | 40.8 | 42.6 | 194 | 30.1 | 11.2 
A 96.3 3 6 66.6 | 40.0 | 41.3°| 15.4 | 24.3 4.8 
B 6 70.5 44.2 44.3 17.3 25.4 4.8 | 
Cc 5 95.2 50.8 47.8 18.4 30.2 5.0 
D 88.0 1 1 61.3 37.3 41.4 12.9 21.1 3.0 
Average 94.3 13° 68.0 41.7 | 42.7 16.2 24.6 4.8 
@ Results from Laboratory C not included. 
extended heating at 1350 F or after 100 
shorter treatment at higher temperature. J 
Steel No. 3 remained nonmagnetic . 
throughout the heating cycles. 80 
2 
There is reason to believe that the 7 
permeability of steel No. 2 should in- “70 
crease after exposure to 1200 F for 25 Be ~s 
hr as it does in steel No. 1. That it tends £& 
rather to decrease suggests the formation S50} 
of some nonmagnetic sigma even at 
this low temperature although X-ray 4 s.. 
Qa 
diffraction tests generally failed to dis 
close its presence. 5 
Tee 20 ested at 
CHARPY impact Tests RoomTemp Elev. 
In the first series of Charpy impact io|Steel No.1 —o—- —e— 
tests that were carried out at room 
J 
temperature, four laboratories partici- 2000° 1200 1300 1400 1500 
pated. The testing machines employed Water Reheating Temperature, deg Fahr 


Fic. 2.—Impact Tests Averages. 


| 
| 


The results of the tests are presented 
in Table V and the general averages are 
illustrated graphically in Fig. 2. In the 
case of two of the laboratories the values 
in the table represent averages of six 
tests (Laboratories A and B), in one an 
average of five (Laboratory C), and in 
another a single test (Laboratory D). 
The data obtained by Laboratory C, due 
to departure from standard conditions, 
were considerably higher than those of 
the other three, as an examination of 
the table will show, and they were not 
considered in calculating the general 
averages. 

The loss of notched-bar impact 
breaking energy in specimens of steel 
Nos. 2 and 3 is far greater than that 
found for the plain 18-8 steel No. 1 
and indicates that the impact value is 
more sensitive to the effects of sigma 
than is any other test with the possible 
exception of the magnetic test which 


TABLE _VI.—AVERAGE 
VALUES—KEYHOLE NOTCH 
PERATURES). 


CHARPY IMPACT 
(ELEVATED TEM- 


Tested after | Tested after | Tested after 
Reheating to | Reheating to | Reheating to 
12 5 


1500 F— 


00 F | 
Steel 500 hr 500 hr 


500 hr 


Room| At Room | At |Room| At 
Temp.) 1200 F |Temp.) 1350 F 1500 F 
N 58.3%, 54.0° | 49.7%) 46.3% | 49.6%] 52.6% 
40.8¢| 39.6° | 19.42] | 11.2%) 24.25 
No. 3 -| 41.7%) $0.4» | 16.2%) 35.5°| 4.8%) 22.8% 


~@ Room temperature averages are of 13 specimens, 
500 hr holding time. 

> Average of 6 specimens broken at temperatures in- 
dicated—previously treated at temperature of testing for 
500 hr. 
© Average of 3 specimens. 


appears to detect the effects of sigma 
in steel No. 2 after an exposure of but 
25 hr at 1200 F. The magnetic test is, 
however, useless in the case of steel No. 
3 which remains nonmagnetic in all 
conditions of heat treatment. Although 
neither X-ray diffraction patterns nor 
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metallographic examination discloses 
sigma in either steel No. 2 or steel No. 
3 after the short exposure at 1200 F, 
the very pronounced lowering of the 
impact values appears to be clear evi- 
dence of its presence. The marked effect 
of time at 1200 F further suggests that 
real sigma embrittlement might ulti- 
mately occur at this temperature. 


Impact Values at Elevated Temperatures: 


Tests made at elevated temperatures 
by Laboratory D gave the results 
shown in Table VI in which the cor- 
responding room temperature test values 
are also given. The results are shown 
graphically in Fig. 3. 


60 

2 50- 

= 40. 

220 Tested at 

RoomTemp Elev. _ 

SteelNo.2 --e-— 
Steel No.3 

1200 1300 «1500 


Reheating (For 500 hr) and Testing Temperature, 
deg Fahr 


Fic. 3.—Charpy Values at Elevated 
Temperatures. 


As shown in Fig. 2 no marked effect 
was observed on the impact values at 
room temperature of steel No. 1 re- 
gardless of temperature of reheating or 
time ai temperature; neither was the 
steel affected materially by the tempera- 
ture at which the tests were conducted, 
as shown in Fig. 3. 

Table VI shows that Charpy values 
determined at 1350 and 1500 F were 
much higher than at room temperature 
for specimens in comparable condition 
for steels Nos. 2 and 3. 


i: 


2000 1200 14001500 
Water Reheating Temperature, deg Fohr 
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HARDNESS 


One of the laboratories determined 
microhardness on the banded portion of 
steel No. 2 (ferrite in the quench-an- 
nealed condition) and also on its matrix 


TABLE VII.—EBERBACH MICROHARDNESS 
(D.P.H.), 1.5-G LOAD (STEEL NO. 2). 


Reheated | Reheated | Reheated 
dh to 1200 F | to 1350 F | to 1500 F 


Wat 
5 | 500 | 25 | 500 | 25 | S00 
hr | hr | hr | hr} hr | hr 
Matrix..... 93 145 | 158 | 163 | 177 | 295 | 270 
a 91 174 | 176 | 221 | 313 | 361 | 440 
400 4 


300; 


Time at Temperature 
25hr SOOhr 


Band: ------ 


Eberbach Microhardness 
° 
2 


8 


Fic. 4.—Eberbach Microhardness of Steel No. 2. 


portion. The tests were made with an 
Eberbach Microhardness Testing Ma- 
chine using a 7.5-g load. The results, in 
D.P.H. (diamond pyramid hardness) 
units are given in Table VII and are 
shown diagrammatically in Fig. 4. The 
latter figure illustrates the point that a 
marked difference exists between the 
hardness of the bands and that of the 
matrix only after reheating to 1350 and 
1500 F. It is noteworthy also that the 
hardness of the matrix does not increase 
with time at 
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whereas that of the bands does. 

Two laboratories determined the 
Rockwell B hardness of the steels in all 
conditions of heat treatment. = 


results appear in Table VIII and are — 


illustrated in Fig. 5. 

The hardness of steel No. 1 after a 
500-hr holding time is lower than for 
the 25-hr period, whereas this condition 
is reversed in steel Nos. 2 and 3, par- 
ticularly at 1350 and 1500 F. The hard- 
ness level of steel No. 2 is considerably 
higher than that of the other two, but 
the pattern is similar. The pattern re- 
sembles that of the other sigma-contain- 
ing composition, steel No. 3, and con- 
forms to the microhardness trends. There 
is definite evidence of the increase in 
amount of a hardening phase, probably 
sigma, or chi, or both, with increase in 
holding time at the higher temperature. 
The microhardness values indicate that 
most of the increase in hardness of Steel 
No. 2 is contributed by an increase in 
the hardness of the bands. 

Evidence of the presence of sigma 
per se is not necessarily indicated by an 
increase in the over-all hardness. For 
example, steel No. 3 after 500 hr at 
1350 F increased to a noteworthy extent, 
although the amount of sigma present 
as indicated by the X-ray diffraction 
tests was but a trace. 

The hardness of the sigma particles 
was reported by one of the laboratories 
to be of the order of 1980 as compared 
to 257 for the matrix in steel No. 2. 


CorRrOSION TESTS IN BOILING 
Nitric Acrip 


Samples of the broken impact speci- 


mens in the annealed condition and after 

treatment at the different time periods 

at 1200, 1350, and 1500 F were properly 

polished and ae to the ASTM 
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Water 


150 


standard boiling nitric acid test.? In 
these tests the samples were exposed for 
five consecutive 48-hr periods to 
boiling 65 per cent acid, and the results 
are given in Table IX and Fig. 6. 
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hr all three steels suffered a marked 
decrease in resistance to the boiling 
nitric acid. The results further show that 
all three steels suffered the severest de- 
crease in corrosion resistance after the 


TABLE Vil. —H ARDNESS, ROCKWELL E B. 


2000 F, 
Water 
Quenched 25 hr 
Laboratory Ne.. he 1 2 1 | 
82 81.8 77 78.8 76 
SS Seer 86 | 86.2 86 | 85 86.5 
80 78.2 79 79.3 81.2 


Time ot Temperature 
2 


5 br 500 hr 

Steel No | 
Steel No.2 

Stee! No.3 

100r 
§ we 
: 
= 
3 
° 
70 i iL. | 
200 1200 1300 1400 1500 


Reheating Temperature, deg Fahr 


Fic. 5.—Hardness Values. 


The corrosion rates given in the table 
are expressed in inches penetration per 
month and represent an average of five 
periods of exposure to the acid. The 
results show that after heating at 1200, 
1350, and 1500 F for either 25 hr or 500 
Acid ‘Test for Corrosion Resisting Steels (Designation: 


A 262-52 T), 1952 Book of ASTM Standards, Part 2, 
p. 998. 


Reheated to 1200 F 


500 hr 


76.4 | 79.5 | 78.3 | 79 78.4 | 76 | 761° 74 | 76.2 
87.7 | 86 87.4 | 92.5 | 92.7 | 89 | 86.3 | 94 | 95.4 
79.8 | 79 77.9 | 86 89.5 | 76 | 76.8 | 87 | 87 


Reheated to 1350 F 


25 hr 


Reheated to 1500 F 


treatment at 1200 F. Steel Nos. 1 and 
2 exhibited a higher degree of corrosion 
resistance after 500 hr at 1350 F and 
1500 F than they did after the treatment 
for only 25 hr at these temperatures. The 
opinion can be expressed that the shorter 
holding period at 1350 and 1500 F 
renders the steels more subject to cor- 
rosion than the longer holding periods 
because the shorter periods create a 
very fine precipitation which apparently 
is more subject to corrosive attack, 
while the longer holding periods 
coagulate the precipitate into larger 
particles that apparently are more re- 


TABLE IX.—BOILING NITRIC ACID TESTS. 


| Corrosion 
Identification Rate, in. per 
month 

Steel No. 1-465, 14 hr 2000 F, wa douse 
Steel No. 1-17, 25 hr 1200 F 
Steel No. 1-125, 500 hr 1200 F. 
Steel No. 1-149, 25 hr 1350 F 
Steel No. 1-167, 500 hr 1350 F 
Steel No. 1-191, 25 hr 1500 F 
Steel No. 1-1109, 500 hr 1500 F 
Steel No. 2-625, 4 hr 2000 i 
Steel No. 2-211, hr 1200 5 
Steel No. 2-227, 500 hr 1200 F 4 
Steel No. 2-249, 25 hr 1350 F ® 
Steel No. 2-267, 500 hr 1350 F.. ¥ 
Steel No. 2-291, 25 hr 1500 F 017 
Steel No. 2-2109, 0.00757 
Steel No. 3-405, % hr 2000F,WQ....... 0.00145 
Steel No. 3-310, 25 hr1200F............. 0.181 
Steel No. 3-325, 500 hr1200 F............. 0.183 
Steel No. 3-349, 25 hri1350F............. 0.136 
Steel No. 3-367, 500 hr 1350 F............. 0.147 
Steel No. 3-391, 25 hr 1500 F............ 0.0292 
Steel No. 3-3109, 500 hr 1500 F............ 0.0904 


it 


sistant to attack by the nitric acid. In 
the case of steel No. 3 the corrosion 
rates after the 1200 and 1350 F treat- 
ments were considerably higher than 
after either the 25- or 500-hr treatment 
at 1500 F, showing that the treatments 
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Generally speaking the greater weight 
loss of steel Nos. 2 and 3 is accounted 
for by the heavier “general” attack as 
distinct from intergranular attack which 
was suffered in an equal qualitative 
degree by steel No. 1. The greater loss 


|__ Corrosion in Boiling Va ~ 
r Nitric Acid (Huey Test) 
5 
= 25 hr SOOhr; 
4 Ji » 
= 010; 
\ 
/ 
r 4 
5 
a 
0.001 
§ 4 


1200 1300 1400 
Reheoting Temperature, deg Fohr 


Fic. 6.—Results of Boiling Nitric Acid Tests. 


TABLE X.—CHARACTER OF ATTACKS 


Heat Treatment Steel No. 1, 
Ps Hr Intergranular; General 
2000 4 Water Light 
1200 25 Air Severe 

500 Air Severe 
1350 25 Air Severe 

500 Air Attack 
1500 25 Air Attack | 

500 Air Mild | 


Steel No. 2 Steel No. 3 
Intergranular General Intergranular General 
Local Light Light 
Severe Heavy Severe Mild 
Severe Heavy Severe Mild 
Severe | Heavy Severe Mild 
Severe Heavy Severe Mild 
Attack | Attack Severe Moderate 
Attack Attack | Severe Moderate 


at 1200 and 1350 F are far more damag- 
ing to corrosion resistance than exposure 
to 1500 F. 

An examination of the corrosion test 
specimens to determine the character of 
the attack yielded the results shown in 
Table X. 


in weight of steel No. 3 when compared 
to steel No. 2 appears to be due to more 
severe grain boundary attack. The “gen- 
eral” attack in the case of steel No. 3 
is described as ‘‘mild” and “moderate” 
whereas in steel No. 2 it is “heavy” and 
just “attack.” On the other hand “in- 
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tergranular”’ attack is “severe” for both 
No. 2 and No. 3 after the 1200- and 
1350-F exposures and continues to be 
severe for No. 3 after 1500 F but drops 
to plain “attack” in No. 2 after 1500-F 
exposures. 

One of the laboratories undertook to 
examine the specimens after they had 
been removed from the boiling nitric 
test for the purpose of determining to 
what extent either sigma or chi phase was 
preferentially attacked. The conclusion 
was reached that the sigma or chi parti- 
cles that are indefinable in the micro- 
structure of steels Nos. 2 and 3 are not 
attacked by boiling nitric acid and 
neither is there evidence that the matrix 
material immediately adjoining these 
particles is selectively attacked. It was 
not possible to determine from micro- 
scopical examination whether or not the 
over-all depletion of the matrix material 
in chromium due to sigma and chi forma- 
tion is a factor in corrosion by boiling 
nitric acid. 


PRELIMINARY METALLOGRAPHIC 
EXAMINATION 


In the initial metallographic study, the 
cooperating laboratories were free to 
choose the etchant or procedure to iden- 
tify the constituents in the steels. Their 
individual discussions, and the photo- 
micrographs prepared by them were, 
therefore, not always comparable. A 
general summation is given below of the 
behavior of the various etchants and 
their indications on the basis of these re- 
ported findings. After completion of the 
preliminary study it was decided to 
choose a limited number of what ap- 
peared to be the most appropriate re- 
agents and to have four different groups 
each prepare a series of photomicro- 
graphs of specimens etched under similar 
conditions. It would thus be possible to 
check the reproducibility of any given 
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phenomenon and as a result to more con- 
fidently identify the sigma phase. 

In the original tests 15 reagents were 
employed by eight laboratories. In most 
instances the specimens were polished 
mechanically, although two groups 
polished electrolytically. A tabulation of 
the reagents and the number of labora- 
tories using them are given in Table XI. 


TABLE XI.—ETCHING REAGENTS USED. 


Total No. 

Etchant of Labora- 

tory Users 

Electrolytic: 

10 per cent Chromic acid. ...... ......... 3 
2 per cent Chromic acid , 1 
10 per cent sodium cyanide.............. 5 
10 per cent ammonium persulfate......... 1 
10 per cent oxalic acid................... 3 
Perchloric acid-alcohol-water. ........... 1 
Vilella...... 5 
1 
Murakami (cold) 6 
Modified Murakami... . 3 
Mixed acids in glycerine................. 5 


Electrolytic etching with 10 per cent 
sodium cyanide was the most popula- 
of the electrolytic reagents, while Murar 
kami, used by five groups, was the com- 
mon choice among those of the immer- 
sion type. 

Murakami’s Reagent: 


According to four of the five users this 
reagent revealed carbides after short 
etching periods of 5 to 10 sec. With 
etching times of over 15 sec at room 
temperature its behavior toward sigma 
and chi is variable. One user found that 
it sometimes etched sigma and chi in 
20 sec while at other times these phases 
were not revealed even after 5 min. 


Modified Murakami: 


This reagent was used by three labora- 
tories. One reported that its action was 
too rapid when hot to be practical and 
that it dissolved all of the sigma. Used 
cold, however, this group found that it 
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colored sigma pastel shades leaving 
carbides and austenite uncolored. An- 
other found that it developed both sigma 
and carbides in 30 sec and showed 
ferrite in steel No. 2. When hot, a 30- 
sec etch developed sigma that had not 
been visible after 5 sec in the cold 
reagent. 


Vilella’s Etch: 


Vilella’s etch was used by five labora- 
tories. It was found to outline all phases 
present. Its use was generally followed 
by another reagent, after repolishing, to 
darken either the sigma or the carbides 
and thus distinguish between them. 


Marble’s Reagent and Aqua Regia: 
These reagents behave generally in a 
manner similar to Vilella’s etch, => 


Aqua Regia in Glycerine: 


Five groups found that this reagent 
etched grain boundaries and outlined 
all phases in a manner similar to Vilella’s 
etch. 


Electrolytic 10 per cent Sodium Cyanide: 


This was the most commonly used 
reagent of the electrolytic type. Three 
of the five laboratories found it useful 
for disclosing the presence of carbides. 
One employed it as a standard etch for 
sensitized specimens. It developed grain 
boundary carbides as well as _ those 
within the grain. Two laboratories re- 
ported that, after a minute or two, like 
cold Murakami it colored sigma pastel 
shades without dissolving it. The reagent 
outlined and did not stain large carbides 
but blackened small ones. Ferrite was 
etched much more rapidly than austen- 
ite. One laboratory considered it simi- 
lar to Vilella’s etch when used for less 
than 3 min. Another used it to identify 
the high-iron, low-chromium carbides 
formed at 1200 F, as distinguished from 


the chromium-rich carbides formed at 
higher temperatures. 
2 per cent Chromic Acid: 


One laboratory found that this reagent 
revealed two constituents in the speci- 
men of No. 3 steel reheated for 500 hr at 
1500 F. One constituent was dissolved 
and the other was outlined. he 
10 per cent Chromic Acid: 


This reagent was used by three labora- 
tories. One reported that it etched out 
everything, while another reported that 
it was similar to Vilella’s etch. However, 
examination of their photomicrographs 
indicated that it dissolved the sigma. A 
third stated that it attacked both car- 
bides and sigma leaving the ferrite un- 


- attacked except when the latter was 


intimately associated with the sigma, 


in which event it dissolved both. All 


considered it most satisfactory for over- 
all study, attacking chromium carbides 
more readily than carbides rich in iron. 
In this respect it acted differently from 
10 per cent sodium cyanide and enabled a 
rough estimate to be made of the charac- 
ter of the carbides present. 


Oxalic Acid: 


Three laboratories reported on this 
reagent. For short etching times it was 
similar to Vilella’s etch. As in the case 
of 10 per cent chromic acid the photo- 
micrographs showed that massive sigma 
was dissolved. 


10 per cent Ammonium Persulfate: 


One laboratory reported this reagent 
to behave in a manner similar to the 2 
per cent chromic acid. 


Electrolytic 5 per cent Nital: 


This reagent, in conjunction with 
aqua regia in glycerine was employed 
by one laboratory. It did not etch either 
ferrite or carbides and dissolved out 
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part of the sigma, leaving the remainder 
unattacked. It was claimed to distinguish 
sigma from other phases such as chi 
phase, ferrite and carbides in austenite. 


Perchloric Acid: 


One laboratory reported that per- 
chloric acid dissolved out sigma pro- 


gressively with time of treatment. 
Etching effects appear generally to 


be of three types: 

1. The etchant outlines the phase 
(aqua regia in glyceri=>, Vilella’s and 
Marble’s). 

2. The etchant tints the phase 
(Murakami, Modified Murakami (cold), 
electrolytic 10 per cent sodium cyanide). 

3. The etchant dissolves out the 
phase (Modified Murakami (hot), 2 
and 10 per cent chromic acid, ammonium 
persulfate, perchloric acid and electro- 
lytic 5 per cent nital). 

The procedure commonly followed in 
identifying sigma was to use a reagent of 
Type 1 followed by one of Type 2 or 
Type 3. Frequently the Type 1 etchant 
which outlined all the phases without 
satisfactorily distinguishing among them, 
was followed by Murakami (Type 2) 
which darkened the carbides. An etchant 
of Type 2 used for an appropriate length 
of time would apparently result in a 
darkening of the carbides or possibly 
their removal, with a simultaneous tint- 
ing of the sigma phase. 

At this point of the investigation a 
thorough examination was made by 
Subcommittee VI of all data presented, 
and it was decided that a limited number 
of reagents be chosen that had shown 
promise in the preliminary study and 
that these be tested by several groups 
under identical experimental conditions. 
Four laboratories volunteered for this 

final work. The detailed procedure fol- 


SUMMARY OF ETCHANTS AND 
EFFECTS 
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lowed in preparing the specimens, for 
example, by the laboratory, and the 
reagents employed were as follows: 


The longitudinal sections of broken im- 
pact test specimens were mounted in Bake- 
lite disks 14 in. in diameter by 3 to } in. 
thick. In order to make electrical contact 
for electropolishing, a }-in. diameter hole 
was drilled into the specimen on the face 
opposite that to be polished. The surfaces 
of the specimens were then ground succes- 
sively with finer abrasive papers ending with 
the 000 grade. The last two grades were 
lubricated with a paraffin in kerosine solu- 
tion. 

Polishing was carried through for approxi- 
mately one minute on a fast 600 alundum 
wet lap and then on a fine alumina lap. At 
this stage the specimens were electropolished 
with a solution of 8.5 ml perchloric acid (70 
to 72 per cent), 11.0 ml water, and 80.0 ml 
alcohol (95 per cent). Optimum voltage and 
current density were determined by experi- 
ence. Electropolishing was done in 5-sec 
intervals, only a slight amount of pitting 
being obtained. After electropolishing a final 
mechanical polish with fine alumina was 
given each specimen. 

In order to determine if the disturbed 
layer caused by grinding had been removed, 
a back reflection pattern was in each case 
obtained. This was made with a chromium- 
target tube. Well-defined spots indicated the 
absence of such layer. Experience has shown 
this to be a sensitive test when working with 
annealed materials. However, a_ slight 
amount of disturbance does not affect the 
appearance of the carbides and sigma phase. 
If a disturbed layer was indicated, the polish- 
ing cycle was repeated until the diffraction 
pattern showed sharp well-defined spots. 

The compositions of the etching reagents, 
and the times of etch were: 

Vilella’s Reagent 
5 ml Hydrochloric acid 
1 g Picric acid 
100 ml Ethy] alcohol (95 per cent) 
30-sec etching period at room temperature. 
Murakami’s Reagent (Dilute) 


10 g Potassium ferricyanide 
10 g Potassium hydroxide 
100 ml Water 
5-, 30-, and 120-sec etching periods at room 


temperature. 
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PLATE L. Steel No. 3—1500 F—500 hr (X 1000). Reduced to 80 per cent size in reproduction. 


Modified Murakami etch, 5 sec. 


Top Row—VilellS etch, 30 sec; Middle Row— 


ETCHING PROCEDURES FOR IDENTIFICATION OF SIGMA 


Murakami’s Reagent (Concentrated) 
50 g Potassium ferricyanide 
50 g Potassium hydroxide 
100 ml Water 
5-sec etching period at room temperature. 
10 per cent Sodium Cyanide (Electrolytic) 
10 g Sodium cyanide 
100 ml Water 
6 v, 0.028 oe per sq cm 

Y-, 1-, and 2-min etching periods at room 
temperature. 

Fifty ml of an immersion reagent were 
made up at a time and used immediately 
after cooling to room temperature. Fresh 
solutions were prepared after etching four 
surfaces. Slightly more solution was neces- 
sary for conveniently handling the sodium 
cyanide reagent. 

An attempt was made to photograph the 
same area after repolishing and etching for 
different periods with the same reagent. This 
technique was not always practical, however, 
because of changes in details of the structure. 
The structures after the 1350 F and 1500 F 
anneals were photographed at 1500 and 1000 
magnifications respectively. The numerical 
apertures of the objectives were 0.95 for 
1000 and 1.40 oil for 1500x. 


For convenience in examination, the 
photomicrographs are arranged in Plates 
A to L by heat treatment and reagent 
types, comparable illustrations by the 
four cooperating laboratories being pre- 
sented horizontally. 


Vilella’s Reagent (Plates C, F, I, and L): 


This reagent apparently develops delta 
ferrite, carbides, and sigma and chi 
phases when present. However, these 
constituents cannot be distinguished 
one from the other except on the basis of 
distribution, size and shape. The mottled 
appearance of the “delta ferrite site” in 
steel No. 2 after 25 hr at 1350 F (Plate 
C-3) is interpreted as showing a transi- 
tory stage in the decomposition of the 
delta ferrite. The mixture probably 
consists of austenite, ferrite, carbide, and 
probably sigma and chi phases. The 
small particles in Plate I-3 are believed 
to be carbides. The large light gray areas 
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in the latter plate are sigma or chi 
phases. The structure shown in Plates 
F-3 and L-3 appears to be a mixture of 
carbides and sigma or chi phases, or 
carbides, sigma and chi phases. 


Murakami’s Reagent (Plates C, E, H, 
and K): 


The development of carbides after 
the 1350-F exposures of steel Nos. 2 
and 3 was independent of concentration 
or of etching time. This is apparent from 
Plates B and H. Two minutes (Plate 
H-11) were not sufficient for the dilute 
reagent to develop the structure in 
steel No. 3 (1350 F-500 hr) that 
appeared after 5 sec (Plate I-7) with the 
modified reagent. Although Laboratories 
A and D, for some unknown reason, were 
able to bring out the structure in 120 
sec. with the Murakami reagent in Plate 
E (9 and 12) and Plate K (9 and 12), 
concentration is shown to be important 
in both steel Nos. 2 and 3 after 1500 F 
for 500 hr as shown in Plates E and F 
and K and L. The complete structure is 
apparently developed in 5 sec with the 
“concentrated” reagent (Plates F and L). 
On the basis of X-ray diffraction findings 
the fully developed structures brought 
out by this modified Murakami reagent 
show, in Plate F, chi phase outlined, the 
light gray areas being possibly sigma 
phase particles and in Plate L, both chi 
and sigma phases, the outlined particles 
presumably being chi phase and the gray 
mottled particles sigma phase. 


Electrolytic 10 per cent Sodium Cyanide 
Reagent (Plates A, D, G, and J): 
Examination of the structures de- 

veloped in steel Nos. 2 and 3 after 500 

hr at 1500 F (Plates D & J) showed 

that the two constituents which de- 
veloped first were below the matrix 
level, whereas that which developed 
later was above. X-ray diffraction data 
had shown that the predominant con- 


— 
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stituent in steel No. 2 after 500 hr at 
1500 F was chi phase and that steel 
No. 3 after 500 hr at 1500 F definitely 
contained both sigma and chi phases. 
From these results it is concluded that 
the carbide and sigma phases develop 
first and chi phase second. It follows 
then, that the structure developed in 
steel No. 3 after 500 hr at 1350 F (Plates 
G-3, G-7, G-11) shows the distribution 
of the carbides and sigma phase. The 
dot-like particles are carbides. 

The darkening of the delta ferrite 
sites (Plates A-3, A-7, A-11) was given 
the same interpretation as that for the 
darkening obtained with the Vilella’s 
reagent. It was pointed out that the out- 
lined particles in the grain boundaries 
in Plate D probably were chi phase. This 
conclusion was based on the absence of 
similar particles in the structures de- 
veloped by the Murakami reagents 
(Plate E). The chi phase develops very 
slowly with these reagents. 


ADDITIONAL TESTS 


Additional tests were made by T. V. 
Simpkinson, Canadian Department of 
Mines and Technical Surveys. In these 
tests the complete set of corrosion-tested 
samples was examined to determine 
whether a relationship exists between 
the path of corrosive attack and the 
location of metallographically identifi- 
able sigma or chi particles. These results 
are appended to this report.‘ 


SUMMARY 

The results of metallographic exami- 
nations made during this investigation 
show that the sigma phase that develops 
in the austenitic stainless steels cannot 
be identified with certainty by the use of 
an etching reagent alone. The sigma 
phase can be identified metallographi- 
cally on properly etched samples pro- 
vided the particles are large enough, and 
the composition and thermal heat treat- 


4 See p. 170. 
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ment of the austenitic chromium-nickel 
stainless steel are known. In other words 
this work has shown that once the pres- 
ence of the sigma phase has been estab- 
lished through X-ray diffraction tech- 
nique in austenitic chromium-nickel 
stainless steels of certain compositions 
and certain thermal treatments it can 
be detected by etching with the proper 
reagents. 

The etching reagents that will outline 
the sigma phase are aqua regia in gly- 
cerine, Vilella’s, and Marble’s reagent. 
Murakami’s and the electrolytic 10 
per cent sodium cyanide reagents will 
tint the phase. The etchants that 
dissolve the phase are hot modified Mura- 
kami’s solution, 2 and 10 per cent chro- 
mic acid, ammonium persulphate, per- 
chloric acid and the electrolytic 5 per 
cent nital solution. 

The procedure that can be used for 
identifying the sigma phase under known 
conditions of composition and thermal 
treatment of austenitic stainless steels 
is to use aqua regia in glycerine, Vilella’s, 
or Marble’s reagent followed by Mura- 
kami’s reagent either as such or modified, 
electrolytic 10 per cent sodium cyanide, 
2 and 10 per cent chromic acid, ammo- 
nium persulphate, perchloric acid or the 
electrolytic 5 per cent nital etch. Further 
details of identifying the sigma phase 
may be found under the “Summary of 
Etchants and Etching Effects.” 

Other facts that appear to be estab- 
lished under the conditions of these tests 
are as follows: 

1. The sigma phase does not develop 
in the low carbon 18-8 steel under the 
conditions of thermal treatment herein 
studied. Sigma phase does develop in the 
molybdenum-bearing austenitic chro- 
mium-nickel steels after heat trvatment 
involving temperatures of 1350 and 
1500 F. 

2. Development of sigma phase in 
the molybdenum-bearing austenitic chro- 


ve 
at 
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mium-nickel stainless steels brings about 
a marked decrease in the toughness of 
the steels. The toughness of the 18-8 
steel also decreased somewhat by holding 
at temperatures of 1200, 1350 and 1500 
F, but this slight drop in toughness may 
be accounted for by the presence of 
precipitated carbides. 

3. The most sensitive indication of 
the presence of sigma was the loss of 
toughness in the Charpy Impact Test. 


4. The absence of sigma in X-ray: 


diffraction patterns obtained by methods 
used in this investigation or in structures 
developed by the wide variety of etch- 
ing reagents used appears to be no sure 
indication that this phase is not pres- 
ent. 

5. The presence of sigma phase brings 
about an increase in hardness in the segre- 
gated bands of transformed alpha phase. 

6. The sigma phase identified in the 
molybdenum-bearing stainless steels is 
non-magnetic in character. 

7. A new phase designated as chi was 
detected by X-ray along with the sigma 
phase in the molybdenum-bearing stain- 
less steels. This new phase was not found 
to exist in the austenitic chromium- 
nickel steel containing no molybdenum. 
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APPENDIX 

METALLOGRAPHIC EXAMINATION OF SAMPLES AFTER BOILING NITRIC 
ACID TEST* 


By T. V. Stmpxkinson! 


= The Engineering Research laboratory TABLE XII—NITRIC ACID TEST RESULTS. 
of E. I. du Pont de Nemours and Co. sub- ” |Case- SS 
jected a complete set of impact test sec- sion 
tions from the Subcommittee VI sigma phase Heat Treatment | Bates Type of Attack 


investigation to the standard boiling nitric i. 
acid test. Their reported test results are 
given below. They judged the type of at- Steet No. 1 (Type 304) 
tack by examination of the corroded sur- 
faces under a binocular microscope. br 2000 F ,WQ 0080 Light etching 
The du Pont report points out that, where : | v~ teens 
corrosion is shown as intergranular and gen- —5® hr 1200 F 0. 0668 “a intergranular at- 
eral, there was corrosion of the grain faces 25 hr 1350 F (0.0186 | Seve intergranular at- 
tac 
as well as the grain boundary areas. 500 br 1350 F 0.00274 Intergranular said 
omen ate c r 1500 F 0.00665 tergranular attack 
The author examined the complete set of 
corrosion tested samples to determine tack 
whether a relationship exists between the 
path of corrosive attack and the location of Steet No. 2 (Type 317, Low Ni) 
metallographically identifiable sigma or chi 
particles. Selected samples were sectioned hr 2000 F, WQ /0.00158) Local, intergranular at- 
longitudinally and half sections were 25 hr 1200 F 0.183 Severe intergranular and 
mounted in bakelite so that the longitudi- 500 hr 1200 F 0.137 Severe intergranular and 
j eavy general attack 
nal saw-cut face could be polished. Steel ote 0.0024 | Severe intergranular’ and 
strips were placed near the specimen edges aes ms | ‘ heavy general attack 
ah a » 500 hr 1 lo. 03 evere intergranular and 
to minimize rounding. ts 
vy general attack 
25 hr 1500 F 0.0174 Intergranular and general 
+ attac 
MACROEXAMINATION 500 hr 1500 F 0.00757 eed and general 
attac 
In the case of all samples that suffered 
relatively heavy corrosive attack, the end Steet No. 3 (Tyre 317) 
faces (transverse section) were corroded - 7 
more heavily than the longitudinal sur- 4 hr 2000 F, WQ '0.00145| Light grain boundary and and 
} eneral etchin 
faces. Corrosion of the end faces proceeded 25 hr 1200 F 0.181 | Severe intergranular and 
aster in s areas ; | mild general attack 
faster -™ muaprPuapael than in others. Figure 500 hr 1200 F 0.183 | Severe intergranular and 
7 illustrates this condition. There was noth- mild general attack 
h 25 hr 1350 F 0.136 | Severe intergranular and 
ing in the microstructure to explain why , | mild general attack 
some areas of the end faces were attacked —_—500 br 1350 F pe | ee 
faster than other areas. 25 hr 1500 F 0.0454 | Severe intergranular and 
general at- 
* Presented at the Fift th Annual Mi f th 
Society, June 28- 3, 19 95. Dating 500 hr 1500 F 0.0904 intergranular and 
1 Division of hysical Tite Mines Branch, De- moderate general at- 


=. of Mines and ‘Technical Surveys, Ottawa, 
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MICROEXAMINATION 
Etchant Used: 
For all photomicrographs in this report, 


the specimens were etched electrolytically in 
10 per cent sodium cyanide for 30 sec at 6 v. 


Steel No. 1: 


No sigma phase or chi phase was found 
in any of the specimens of steel No. 1. Ex- 
amination of the corroded test pieces showed 
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that corrosive attack was intergranular. The 
manner of attack is illustrated in Fig. 8 
(sample heated at 1200 F for 500 hr). It is 
evident that little if any attack upon the 
grain faces has occurred. 


Steel No. 2: 


Steel No. 2 “as quench-annealed”’ con- 
tained an appreciable amount of ferrite, pres- 
ent as longitudinal “stringers.” When this 
steel is reheated in the sigma forming tem- 


_ Fic. 7.—Steel No. 3—1500 F—500 hr. Corrosion Rate, 0.0904 ipm (x 6). 


Fic. 8.—Steel No. 1—1200 F—500 hr. Cor- 
rosion Rate, 0.0668 ipm (X 100). Reduced to 
24 size in reproduction. 


~ 


should form is in the ferrite sites. The : 


perature range, the first place where sigma 


rosion specimens were examined to see if 
selective attack upon these ferrite sites had 
occurred. The following was observed: 


Evidence of 


‘Tesstment Selective Attack 


The manner of attack on the 1200 F — 500 
hr sample is illustrated in Fig. 9. As well as 
attack on the ferrite sites, there was heavy 
grain boundary attack and mild general at- 
tack. A trace of both sigma and chi was 
detected in this sample by means of X-ray 
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diffraction, but it was not possible to iden- _ scured (see Fig. 10). X-ray diffraction studies 
tify tl phases in the microstructure. showed that both sigma and chi phases were 


50 -d to 24 size in reproduction. b) (X 250). Reduced to 2g size in reproduction. 


 ——s Fic. 9.—Steel No. 2—1200 F—500 hr. Corrosion Rate,0.137ipm. 


| 
(a) (X 50). Reduced to 34 size in reproduction.  (b) (X 250). Reduced to 3 size in reproduction. 
Fic. 10—Steel No. 2.—1350 F—500 hr. Corrosion Rate 0.0363 ipm. 


With the 1350 F-500 hr sample there present in this sample. A constituent in the 
was no pronounced attack upon the former microstructure that is sigma or chi or both 
ferrite sites, and general attack was so rapid __ is easily recognized, and microscopic exami- 
that intergranular attack was largely ob- nation of the corrosion test specimen showed 
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Fic. 12.—Steel No. 2—1500 F—500 hr. Cor- 
rosion Rate, 0.0363 ipm (X 1000). Reduced to rosion Rate, 0.00757 ipm (X 500). Reduced to 
2g sizein reproduction. 24 size in reproduction. 


® 


Fic. 13.—Steel No. 2—1500 F—5S00 hr. Corrosion Rate, 


0.00757 ipm. 
(X 1000). Reduced to 24 size in reproduction. 
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j that this constituent is not attacked by 
nitric acid. As may be seen in Fig. 11, large 
pools of the constituent exposed to nitric 
acid showed no sign of attack, nor was there 
evidence of selective attack on the matrix 
material immediately adjacent to this con- 
stituent. 

The 1500 F — 500 hr steel No. 2 sample 
suffered both intergranular attack and gen- 
eral attack. Metallographic examination of 
this sample revealed the presence of a large 
amount of sigma or chi or both. X-ray 
diffraction confirmed the presence of sigma 


Fic. 14.—Steel No. 3—1350 F—500 hr. Cor 
rosion Rate, 0.147 ipm (X 100). Reduced to 24 
size in reproduction. 


and chi and indicated that the former was 
present in only trace amounts. As is illus- 
trated by the photomicrographs (Figs. 12 
and 13), the identifiable particles of sigma 
or chi are not attacked by nitric acid, and 
there is strong evidence that the matrix 
material immediately adjoining the sigma 
or chi particles is at least as resistant as 
matrix material remote from these particles. 

The pattern of general attack that is evi- 
dent in Fig. 12 is similar to the pattern of 
occurrence within the grains of sigma or 
chi, and from this observation one might 
conclude that these phases, or the matrix 
material surrounding them, suffer preferen- 
tial attack. However, if this were true, then 
particles of sigma or chi that are partially 
dislodged or partially eaten out should be 
easy to find, but this is not the case. 
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Steel No. 3: 
By X-ray diffraction a trace of sigma 
phase was detected in the 1350 F — 500 hr 
steel No. 3 sample, but this phase could not 
be identified in the microstructure. As il- 
lustrated in Fig. 14, attack on this sample 
was predominantly intergranular with gen- 
eral attack being moderate. In the samples 
held at 1500 F for 25 hr, X-ray diffraction 
results as regards sigma were doubtful, and 
the phase was not detected metallograph- 
ically. Corrosion was mainly intergranular as 
shown in Fig. 15. 


Fic. 15.—Steel No. 3—1500 F—25 hr. Cor- 
rosion Rate, 0.0454 ipm (X 100). Reduced to 24 
size in reproduction. 


In the case of the 1500 F — 500 hr sample, 
general attack was heavy although inter- 
granular attack also occurred (Fig. 16(a)). 
The pattern of general attack evident in 
this specimen (Figs. 16 and 17) is similar to 
the pattern of occurrence within the grains 
of sigma or chi. However, this specimen, in 
common with the sample of steel No. 2 
given the same treatment, showed little 
evidence that nitric acid tends to preferen- 
tially attack or dislodge sigma or chi phases. 
On the contrary, Figs. 16 (6) and 17 show a 
number of places where sigma or chi par- 
ticles blocked the path of nitric acid attack. 


SUMMARY 


The findings of this metallographic study 
may be summarized as follows: 
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(b) (X 500). 
Fic. 16.—Steel No. 3—1500 F—500 hr. Corrosion Rate, 0.0904 ipm. 
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1. In the case of all reheated samples of _ the former ferrite sites of the 1200 F - 500 
steel No. 1, nitric acid attack was intergranu- hr sample. 
lar with no evidence of significant attack 4. Sigma or chi or both particles that are 
upon the grain faces. (With this steel, pre- identifiable in the microstructure of steel 
cipitation was predominantly in grain boun- Nos. 2 and 3 are not attacked by boiling 

daries, there being little within the grains. nitric acid, nor is there evidence that the 
No sigma was detected.) matrix material immediately adjoining these 
2. With steels Nos. 2 and 3 all specimens particles is selectively attacked. 


_ Fic. 17.—Steel No. 3—15C0 F—500 hr. Corrosion Rate, 0.0904 ipm (X 1000). 


showed general attack as well as intergranu- CONCLUSION 

lar attack. (These steels showed pronounced 

precipitation within the grains after re- There is strong evidence that the relatively 
heating, as well as grain boundary precipita- high rates of nitric acid attack upon the 
tion.) samples of steels Nos. 2 and 3 heated at 


3. The presence of sigma or chi or both, 1500 F are not due to the solution of sigma 
as relatively large particles in the former or chi particles nor to accelerated attack 
ferrite sites of steel No. 2 (specimens heated upon the matrix material immediately sur- 
500 hr at 1350 and 1500 F), did not result rounding these particles. Whether or not the 
in selective attack upon these sites. It is not over-all depletion of the matrix material in 
possible to prove whether or not sigma chromium due to sigma and chi formation is 
phase is a cause of the selective attack on a factor, it is not possible to say. i 
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DISCUSSION 


Mr. J. Lena.'—The report 
states: “‘There is reason to believe that 
the permeability of steel No. 2 should 
increase after exposure to 1200 F for 
25 hr as it does in steel No. 1. That it 
tends rather to decrease suggests the for- 
mation of some nonmagnetic sigma even 
at this low temperature although X-ray 
diffraction tests generally failed to dis- 
close its presence.” This suggests that 
the decrease in magnetism of steel No. 2 
after 25 hr at 1200 F is an indication of 
the presence of sigma. 

A word of caution should be inserted 
with respect to the use of magnetic meas- 
urements alone as a means of detecting 
the transformation of delta ferrite to 
sigma. Unless the sigma is actually ob- 
served either metallographically or by 
X-ray analysis, the assumption must be 
made that only the transformation of 
delta ferrite to sigma can result in a 
decrease in magnetism. This is not the 
case, for we have observed that the delta 
ferrite in a chromium-manganese aus- 
tenitic steel transforms in a few hours 
at either 1200 or 1400 F to a lamellar 
chromium carbide and austenite struc- 
ture with a complete loss in magnetism. 
An example of this is shown in Fig. 18. 
Nehrenberg and Lillys? have found a 
similar transformation in Type 329 steel 
as well as ferritic stainless steels and 
tungsten high speed steels. This may be 

1 Research Laboratory, Allegheny Ludlum Steel Corp., 


h, Pa. 
. Nehrenberg and Peter Lillys, ‘High Tempera- 


ome in Ferritic Stainless Steels Contain~ 


ing 17 to 25 per cent Chromium,” Preprint No. 31, 
Soc. Metals (1953). 


a general type of transformation of the 
initial decomposition of delta ferrite in 
other steels as well, and the decrease in 7 
magnetism associated with it could lead 

to erroneous conclusions in regard to 
sigma formation. That this type of 
transformation may be operative in the 
case of the 18-8 Mo steels is indicated by 
micrographs D-5 and D-9 (Plate D). 
Micrograph D-5 in particular shows a 
lamellar-like structure in what must have | 
been prior delta, ferrite areas, and the 
dark etching constituent in this structure 
has the etching characteristics of carbide 
rather than sigma. It is attacked and has 

a black appearance as do the carbides 

in micrograph D-1 rather than being in 
relief and light etching as the sigma in 
micrograph D-9. Our work with the © 
chromium-manganese steels has shown 
that when this transformation goes to 
completion, the presence of initial delta 
ferrite has no accelerating effect on the | 
rate of sigma formation. 

It is unfortunate that the corrosion 
tests were not performed on a low carbon 
Type 316, for it is not possible to sepa- 
rate the effects of carbide precipitation 
and sigma formation in higher carbon 
steels such as those used in this study. 
It has been found’ that low carbon steels 
which are sensitized by sigma formation 
are dissolved in nitric acid but are im-_ 
mune to attack in the Strauss test. It 
was also shown that samples which were 

3A. J. of of J. E. 


Truman and Am. Soc. Metals, 
Vol. 45, = 466 (1953). 
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susceptible after one hour at 1400 F were 
immune after only 100 hr at 1400 F due 
to coalescence of the sigma. This effect 
could not be predicted from the corrosion 
data in Fig. 6. It might be desirable to 
emphasize the fact that the data in Fig. 
6 represent the combined effect of car- 
bide precipitation and sigma formation, 


REPORT OF CoMMITTEE A-10 (APPENDIX) 


effect of etching reagents varies from one 
type of steel to another. For instance, 
electrolytic sodium cyanide rapidly at- 
tacks sigma in Types 314, 347, 310, and 
321 while it leaves the sigma in 18-8 
Mo steels unattacked and in relief. 
Therefore, the etching techniques de- 
scribed in this paper, at least in some 


Fic. 18.—Photomicrograph of an Austenitic Chromium-Manganese Steel Showing a Lamellar 
Structure Consisting of Chromium Carbide (Cr2;Cs) and Austenite Which Developed as a Result 
of Aging for 4 hr at 1400 F in Areas Which Were Originally Delta Ferrite. 

Etchant is electrolytic 10 per cent chromic acid (X 1000). 


for some might assume that it is due 
entirely to sigma since no mention is 
made of chromium carbide in the paper. 

In regard to the title of the report, 
it would be more appropriate if it re- 
ferred specifically to chromium-nickel- 
molybdenum steels rather than chro- 
mium-nickel stainless steels in general. 
Dulis and Smith* have shown that the 


4E. J. Dulis and G. V. Smith, “Identification and Mode 

of Formation and Re-Solution of Sigma Phase in Austenitic 

Chromium-Nickel Steels,” yg on Nature, Occur- 

rence, and Effects of Sigma P’ Am. Soc. Testing Mats., 

3 (Issued as publication ASTM STP 
0. 


cases, would apply only to the 18-8 
Mo steels and not to all austenitic chro- 
mium-nickel steels. 

Mr. T. V. might 
have been well to have pointed out in 
the report that the term “sigma” is 
often used in discussing effects which 
may be due to sigma alone, to sigma plus 
chi, or even to chi alone. The reader 
should keep this use of the term in 
mind. 

° Division of Physical Metallurgy, Mines Branch, De- 


partment of Mines and Technical Surveys, Ottawa, 
Ont., Can. $ 
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DISCUSSION ON ETCHING PROCEDURES FOR IDENTIFICATION OF SIGMA 


I think that further remarks concern- 
ing the metallographic work are worth 
while by way of emphasis. The results 
of the metallographic examinations 
made during this investigation show that 
the presence of sigma or chi phases can 
be proven with reasonable certainty, by 
metallographic means alone, when the 
particles of the phase or phases are large 
enough to be resolved into circles by the 
light microscope. It was not found pos- 
sible to distinguish small (‘“dot-size’”’) 
particles of sigma or chi from carbides. 
Knowledge of the chemical composition 
and thermal treatment, of course, makes 
interpretation of the microstructure eas- 
ier and more positive. “Circle-size” par- 
ticles of sigma or chi are not revealed 
by 5 to 10 sec etching in Murakami’s 
reagent at room temperature while car- 
bides are, and thus a means of distin- 
guishing carbides is provided. All phases 
can be revealed by one of the reagents 
mentioned in the report as suitable for 
this purpose. 

The metallographic studies have in- 
dicated that it may be possible to dis- 
tinguish “circle-size” particles of sigma 
and chi from one another by means of 
suitable etching procedures although this 
was not proven conclusively. Electro- 
lytic sodium cyanide may tint sigma 
phase while leaving chi uncolored. At 
3 v, 10 per cent ammonium persulfate 
etches out what is believed to be sigma 
in 30 sec or less, while what is believed 
to be chi is unaffected after 1 to 2 min. 
Hot Murakami’s reagent and cold modi- 
fied Murakami’s tend to tint the phases 
differently. Loss of clarity in the printing 
procedure makes these differences less 
apparent in the published photomicro- 
graphs. 

Mr. F. B. Forry (closure).—The 
warning given by Mr. Lena concerning 
too hasty a conclusion that mere loss of 
magnetism is necessarily an indication’ 
of sigma formation is well taken. The 
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decrease in permeability could of course 
result from a transformation of alpha to | 
gamma as well as from alpha to sigma. 
However, in the case in point, the pre- — 
ponderance of evidence indicates the lat- 
ter although the situation does not differ 
essentially from that described by 


Nehrenberg and Lillys.? They observed 7 


the transformation to occur isothermally 

at 1750F upon cooling from a higher — 
temperature. According to them the pre- 
cipitation of the chromium carbide, 
Cre3;Cg, in lamellar form took sufficient 
chromium from the delta iron to cause 
it to transform to austenite which, upon — 
cooling, transformed to martensite. The | 
case in point involves transformation oc- 

curring in steel No. 2 during reheating, — 


not isothermally during cooling; never- — 


theless the conditions are similar, involv- _ 
ing the precipitation of a CrosC. type 
carbide out of ferrite in a molybdenum- 


ably not so rich in chromium, which may 

be replaced by molybdenum to give 

(MoCr)2;Cs. In the Nehrenberg-Lillys 
steel the austenite transforms to marten- 
site upon cooling. Were this to occur in 
steel No. 2, permeability would not de- 
crease and might increase as it does in 
steel No. 1. The phase which forms at 
1200 F and which reduces permeability 
does not transform during cooling and 
reduces the impact value. It is not to be 
expected that an increase in the amount 
of austenite would lessen this value. 
Furthermore, Nehrenberg and Lillys ap- 
parently relied entirely on metallographic 
appearance in their identification of the 
martensite and then, by deduction, rea- 
soned that it formed from austenite. 
Acknowledging that their reasoning ap- — 
pears sound, it would be entirely convinc- 

ing had they proved their point by other 

means such as by X-ray diffraction and 

magnetic analysis. In steel No. 2 it is 

quite evident that the amount of ma- 


bearing 18-8 alloy. The carbide is prob- 


7s 


yes 
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terial involved in the transformation is 
too small for identification by metal- 
lographic means or convincingly by X- 
ray diffraction. Laboratory No. 3 re- 
ported “‘inconclusive”’ evidence of sigma 
after 25 hr at 1200 F and its presence 
definitely after 500 hr; laboratories Nos. 
1 and 4 reported a trace of both sigma 
and chi after 500 hr exposure; and other 
laboratories reported no indication after 
the 1200 F reheatings. 

Mr. Simpkinson’s comments on metal- 
lographic detection of sigma are very 
pertinent. The identification of sigma, 
metallographically, involves all the dif- 
ficulties inherent in the study of any 
constituent under the microscope, re- 
quiring, as it does, a prior knowledge of 
the composition and thermal history of 
the specimen together with a pretty 
thorough knowledge of the equilibrium 
phase diagram of the alloy system in- 
volved. There is a particle size limitation 
in identification by both microscopical 
and X-ray diffraction methods, and evi- 
dence persists that sigma, beyond the 
range of detection by either instrument, 
can profoundly affect the mechanical, 
magnetic, and chemical properties of the 
metal. 

The dark-etching lamellar-like con- 
stituent in micrographs D-5 and D-9, to 
which Mr. Lena refers, is carbide and 
the gray areas in which it occurs are 


sigma which now occupies the site of 
the delta iron from which it formed— 
there is no evidence here of the lamellar 
carbide-austenite structure described by 
Nehrenberg and Lillys.2 The lamellar 
carbide-sigma eutectoidal type structure 
is not uncommon in sigma-forming al- 
loys. 

As Mr. Lena points out, much of the 
attack shown in Table IX and in Fig. 6 
has resulted from the combined effect of 
carbide and sigma formation, and it is 
difficult to separate the two effects. No 
conclusions with regard to the effect of 
the two phases were drawn and Mr. 
Lena’s remarks are therefore very wel- 
come indeed. Sigma, like chromium car- 
bide, is presumed to take a large amount 
of chromium from the adjacent metal, 
and in this respect its effect on corrosion 
resistance would be expected to be rather 
like that associated with the formation 
of carbides. Shirley® concluded that 
sigma itself is highly resistant to attack 
by nitric acid but found that its forma- 
tion led to considerably increased attack 
on adjacent metal. Work on carbonless 
or extra low carbon 18-8 plus molyb- 
denum might enable differentiation be- 
tween attack due to carbides and that 
due to sigma formation. 
~ 6H. T. Shirley, “Microstructural Characteristics of 
Acid Corrosion in 18 per cent Cr, 8-14 per cent Ni, 3 per 


cent Mo Steel,’’ Journal, Iron and Steel Inst., July, 1953, 
p. 242 
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- Committee B-1 on Wires for Electrical 
Conductors held three meetings during 
the year: one in Washington, D. C., 
on October 10, 1952; one in New York, 
N. Y., on January 9, 1953; and one in 
Cleveland, Ohio, on April 21, 1953. 
Meetings of Subcommittees IT, IV, and 
VII also were held during the year. 

The committee now consists of 76 
members, of whom 36 are classified as 
producers, 27 as consumers, and 13 as 
general interest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


_ Subsequent to the 1952 Annual Meet- 
ing, Committee B-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Specifications for: 


Rope-Lay-Stranded Copper Conductors Having 
Bunch-Stranded Members for Electrical Con- 
ductors (B 172-51 T), 

Rope-Lay-Stranded Copper Conductors Having 
Concentric-Stranded Members for Electrical 
Conductors (B 173-51 T), and 

Bunch-Stranded Copper Conductors for Elec- 
trical Conductors (B 174-51 T). 


© 


These recommendations were accepted 
by the Standards Committee on August 
1, 1952, and the revised specifications 
appear in the 1952 Book of ASTM 
Standards, Part 2. 

On March 10, 1953, the Administrative 
Committee on Standards accepted the 
Tentative Method for Determination 
of Cross-Sectional Area of Stranded 


* Presented at the Fifty- sixth Annual Meeting of the 
Society, June 28-July 3, 1953. re 
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Conductors submitted by Committee 
B-1. The method will appear in the 
1953 Supplement to Book of ASTM 
Standards, Part 2, bearing the designa- 
tion B 263 - 53 T. 


New TENTATIVES 


For many years there has been need 
for industry standardization on stiffness 
requirements for soft copper wire, par- 
ticularly as applied to magnet wire, 
as evidenced by the development of 
many special test methods by individual 
users (Morehouse, RCA, Belden, LSE, 
Rockwell Superficial, etc.). The com- 
mittee has considered this problem over 
the years but has been unable to estab- 
lish one method as being applicable for 
all requirements. Therefore, in order to 
provide a start in this direction, it has 
limited its present consideration to a 
narrower scope covering only bare soft 
square and rectangular copper wire. 
The committee, therefore, recommends 
for publication as tentative the proposed 
Method of Test for Stiffness of Bare 
Soft Square and Rectangular Copper 
Wire for Magnet Wire Fabrication, as 
appended hereto.! 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following nine specifications be revised 
as indicated and continued as tentative: 

Tentative Specifications for Hard- 
Drawn Copper Wire (B 1 —-52 T).2—Revise 
as follows: 

Section 4(a).—Change the parentheti- 


1 The new tentative was accepted by the Society and 
py tye in the 1953 Supplement to Book of ASTM Stand- 


2 1952 ie of ASTM Standards, Part 2. 
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cal insert “(Note 1)” to read “(Notes 
1 and 2).” 

Table I.—In the heading of the 
fourth column, delete the reference to 
footnote ¢ and insert after “psi” the 
words “‘(Note 2).” 

In the footnotes, delete footnote c. 

Explanatory Notes—Renumber Note 
2 to read Note 3 and renumber all sub- 
sequent notes accordingly. Insert a new 
Note 2, to read as follows: 


Note 2.—The tensile strength values given 
in Table I cannot always be met if the wire is 
drawn into coils of less than 19 in. inside diameter 
or if the wire has been rewound. Lower tensile 
strength values, therefore, are permissible for 
smaller diameter coils, or rewound wire, through 
mutual agreement between the manufacturer 
and the purchaser at the time the order is placed. 


To conform with this change, re- 
number the note references in footnote 
a of Table I, and in Sections 4(5), 4(d), 
5(a), 5(5), 5(c), 6(a), 6(5), 7 (heading), 
and 8. 

Tentative Specifications for Soft or An- 
nealed Copper Wire (B 3-52 T).2—The 
specifications in their proposed revised 
form are appended hereto.* 

Tentative Specifications for Tinned 
Soft or Annealed Copper Wire for Electri- 
cal Purposes (B33 —-52 T).*—Revise as 
follows: 

Section 1.—Delete the word 
able.” 

Section 3—Revise Paragraph (a) to 
read “Tin for Coating.—The tin used 
for coating shall be commercially pure 
(Note 1).” 

Revise the first sentence of Paragraph 
(b) to read “Copper-Base Metal.—The 
copper in the wire shall conform to the 
requirements of the standard specifica- 
tions of the American Society for Test- 
ing Materials, as follows:” 

Retain the remaining sentences of 
Paragraph (5) without change. 

Section 4.—Revise Paragraph (5) to 


“suit- 


3 The revised specifications were accepted by the So- 
ciety and cageer in the 1953 Supplement to Book of ASTM 
Standards, Part 2. 
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read “Wire whose nominal diameter is 
more than 0.001 in. (1 mil) greater than 
a size listed in Table I, but less than the 
next larger size, shall conform to the 
requirements of the next larger size.” 

Revise Paragraph (d) to read “Retests. 
—If upon testing a specimen from any 
coil or spool of wire, the results do not 
conform to the requirements prescribed 
in Table I, two additional specimens 
shall be tested, and the average of the 
three tests shall be taken as the value 
for the coil or spool.” 

Section 5.—In the first sentence, 
change the word “Electric” to read 
“Electrical.” 

In the second sentence, insert the 
words “of tinned wire” between the 
words “resistivity” and “shall.” 

Section 6.—In Paragraph (5), insert 
the word “tinned” between the words 
“The” and “wire.” 

Revise Paragraph (c) to read as fol- 
lows: 


(c) The diameter of tinned wire in coils 
shall be measured at three places, one near each 
end and one near the middle of the coil. In the 
case of spools, approximately 12 ft shall be un- 
reeled and the diameter of the tinned wire shall 
be measured in six places between the second and 
twelfth foot from one end. The average of the 
measurements obtained on any coil or spool 
shall be within the limits specified in Para- 
graph (5). 


Section 7.—Revise Paragraph (a) to 
read “The coating on the wire shall be 
continuous.” 

Revise Paragraph (5) to read as fol- 
lows: 


(b) The continuity of coating on the wire 
shall be determined on representative samples 
taken before stranding or insulating. The con- 
tinuity of tinning shall be determined by the 
hydrochloric acid - sodium polysulfide test in 
accordance with Sections 8 to 10. 


Section 8(b).—Revise the second sen- 
tence to read “The specimens thus 
cleaned shall be kept wrapped in a 
clean, dry cloth until required for test.’ 


— 
4 
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Section 13(b)—Change the word 
“from” to read “of.” 
Section 15(b)—Insert the word 


“tinned” between the words “The” and 
“wire,” 

Section 17.—Revise to read “Wire that 
fails to conform to the requirements of 
these specifications shall be rejected.” 

Explanatory Notes.—In Note 1, delete 
the first two sentences, and replace with 
a new opening sentence, reading “It is 
necessary that the coating of tin on the 
wire be continuous.” 

Tentative Specifications for Rope-Lay- 
Stranded Copper Conductors Having 
Bunch-Stranded Members, for Electrical 
Conductors (B172-52 T).2—Revise as 
follows: 

Section 11(c).—Revise to read as fol- 
lows: 


(c) The area of cross-section of a conductor 
shall be determined by the Tentative Method 
for Determination of Cross-Sectional Area of 
Stranded Conductors (ASTM Designation: B 
263).4 In applying this method, the increment of 
weight resulting from stranding may be the 
applicable value listed in Note 8, or may be 
calculated from the measured component dimen- 
sions of the sample under test. In case of ques- 
tion regarding area compliance, the actual weight 
increment due to stranding shall be calculated. 


Explanatory Notes—In Note 8, first 
sentence, delete the words “‘of increase.” 
In the heading of the right-hand column 
of the tabulation, delete the words “of 
Increase.” 

Tentative Specifications for Rope-Lay 
Stranded Copper Conductors Having Con- 
centric-Stranded Members, for Electrical 
Conductors (B173-52T).2—Revise as 
follows: 

Section 11(c)—Revise to read as 
follows: 


(c) The area of cross-section of a conductor 
shall be determined by the Tentative Method 
for Determination of Cross-Sectional Area of 
Stranded Conductors (ASTM Designation: 
B 263).* In applying this method, the increment 


41953 Supplement to Book of ASTM Standards, Part 


of weight resulting from stranding may be the 
applicable value listed in Note 7, or may be 
calculated from the measured component di- 
mensions of the sample under test. In case of 
question regarding area compliance, the actual 
weight increment due to stranding shall be 
calculated. 


Explanatory Notes—In Note 7, first 
sentence, delete the words “‘of increase.” 
In the heading of the right-hand column 
of the tabulation, delete the words “of 
Increase.” 

In Note 8, second sentence, delete the — 
words “‘of increase.” 

Tentative Specifications for Bunch- 
Stranded Copper Conductors for Electrical 
Conductors (B 174-52 T).2—Revise as 
follows. 

Section 10(a).—In the second i sentence — 
delete the words “‘of increase.’ 

Section 11(c).—Revise to read as fol- 7 
lows: 


(c) The area of cross-section of a conductor 
shall be determined by the Tentative Method 
for Determination of Cross-Sectional Area of 
Stranded Conductors (ASTM Designation: 
B 263). In applying this method, the increment 
of weight resulting from stranding may be the 
applicable value specified in Section 10(a), or 
may be calculated from the measured component 
dimensions of the sample under test. In case of 
question regarding area compliance, the actual 
weight increment due to stranding shall be 
calculated. 


Tentative Specifications for Lead-Coated 
and Lead-Alloy-Coated Soft Copper Wire 
for Electrical Purposes (B 189 - 52 T).2— 
Revise as follows: 


Section 1.—Insert the words “or 
annealed” between the words “soft” 
and ‘‘copper.” 


Section 10.—Revise to read ‘Necessary 
joints in the completed wire and in the 
wire and rods prior to final drawing 
shall be made in accordance with the 
best commercial practice.” 

Explanatory Notes.—At the end of 
Note 3, add a new sentence to read 
“Relationships which may be useful 


— | 
Fy 


= 


in connection with the values of resistiv- 
ity prescribed in these specifications are 
as shown in Table IV, each column con- 
taining equivalent expressions at 20 C 
(68 F).” 

New Table.—Add a new Table IV on 
resistivity values to read the same as the 
accompanying Table I. 

Tentative Specifications for Hard- 
Drawn Aluminum Wire for Electrical 
Purposes (B 230 — 52 T).2—Revise as fol- 
lows: 

Section 4.—Change the reference to 
Sections 5 and 6 to read “. . . of Sections 
and 7.” 

New Section—Renumber Section 6 
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Section 4.—Reletter the present para- 
graph to read “Paragraph (5)” and re- 
insert Paragraph (a) (from B 232 - 50 T) 
to read as follows: 


(a) Electric butt welds in the finished indi- 
vidual aluminum wires composing the conduc- 
tor may be made during the stranding process. 
No weld shall occur within 50 ft of a weld in 
the same wire or in any other wire of the com- 
pleted conductor. 


Section 7.—Reletter Paragraph (6) to 
Paragraph (c) and insert a new Para- 
graph (0) to read as follows: 

(6) All aluminum wires composing the con- 


ductors shall be capable of meeting the bending 
properties stated in the Tentative Specifications 


TABLE I.—RESISTIVITY VALUES. 


Conductivity at 20 C (68 | 

F), percent........... 100.00 97 .66 97.16 96.16 94.16 93.15 
Ohms (mile, Ib).......... '875.20 1896.15 900.77 910.15 929.52 939.51 
Ohms =. g).........| 0.15328 | 0.15694 | 0.15775 | 0.15940 | 0.16279 | 0.16454 
Ohms (mil, ft)...........| 10.371 | 10.619 | 10.674 10.785 11.015 11.133 
Ohms (meter, sq mm)....| 0.017241! 0.017654 0.017745) 0.017930) 0.018312, 0.018508 


0.67879 
1.7241 | 


| 
Microhms—in...........! 
Microhms—cm.. . 


0.69504 | 
1.7654 


0.69863 | 


0.70590 | 
1.7745 | 


0.72092 | 0.72867 
1.7930 


1.8312 | 1.8508 


to be Section 7 and renumber all follow- 
ing sections accordingly. Insert a new 
Section 6 to read as follows: 


6. Bending Properties (a) The wire shall be 
free from brittleness as evidenced by its ability 
to be coiled or looped around its own diameter 
either with or without a mandrel. No fracture 
shall occur. Slight surface checks shall not con- 
stitute cause for rejection. 

(b) Any coil or reel may be tested in accord- 
ance with Paragraph (a), but the frequency of 
production sampling and testing shall be by 
agreement between the manufacturer and the 
purchaser. 


Explanatory Note 2.—In the second 
paragraph, change “Section 6” to read 
“Section 7.” 

Tentative Specifications for Concentric- 
Lay-Stranded Aluminum Conductors, 
Steel-Reinforced (ACSR) (B 232-52 T).? 
—Revise as follows: 


for Hard-Drawn Aluminum Wire for Electrical 
Purposes (ASTM Designation: B 230)‘ after 
stranding. Routine production testing after 
stranding is not required. 


Section 11.—Revise to read as follows: 


11. Variation in Area.—The area of cross- 
section of the aluminum wires of a conductor 
shall not be less than 98 per cent of the area 
specified. Unless otherwise specified by the pur- 
chaser, the manufacturer may have the option 
of determining the cross-sectional area by either 
of the following methods, except that in case of 
question regarding area compliance, Method (2) 
shall be used: 

(1) The area of cross-section may be deter- 
mined by calculations from diameter measure- 
ments, expressed to four decimal places, of the 
component aluminum wires at any point when 
measured perpendicularly to their axes. 

(2) The area of cross-section of the aluminum 
wires of a conductor may be determined by the 
Tentative Method for Determination of Cross- 
Sectional Areas of Stranded Conductors (ASTM 
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Designation: B 263).‘ In applying that method, 
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B 263).‘ In applying this method, the increment 


the increment in weight resulting from stranding 
may be the applicable value specified in Section 
10(a) or may be calculated from the measured 
component dimensions of the sample under test. 
In case of question regarding area compliance, 
the actual weight increment due to stranding 
shall be calculated. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends, for im- 
mediate adoption, revisions in the fol- 
lowing four standards and accordingly 
asks for a nine-tenths affirmative vote 
at the Annual Meeting in order that 


of weight resulting from stranding may be a 
applicable value specified in Section 10(a), or 
may be calculated from the measured component 
dimensions of the sarmple under test. In case of | 
question regarding area compliance, the actual © 
weight increment due to stranding shall be 
calculated. 


Standard Specifications for Bronze Trol- 

ley Wire (B 9 —-52).2—Revise as follows: 
Section 

lows: 


1.—Revise to read as fol- 


1.(a) These specifications cover 
grooved, and figure-9 deep-section geeved 
bronze trolley wire. 


TABLE II—TENSILE REQUIREMENTS FOR GROOVED AND FIGURE-9 TROLLEY WIRE. 


Alloys 40 and 55 Alloy 65 Alloy 80 
Bronze Wire Bronze Wire Bronze Wire 
| Tensile | Elongation Tensile Elongation Tensile | Elongation 
| Strength, ‘in 10 in., Strength, in 10in., | Strength, | in 10in., 
| min, psi min, per cent min, psi min, per cent min, psi min, per cent 
| | 
Grooved: 
62 500 4.00 56 200 
69 000 3.25 | 61 000 
71 000 2.75 | 63 000 
73 000 2.25 65 000 | 
Figure-9 | 
61 500 4.00 54 000 | 


these recommendations may be referred 
to letter ballot of the Society. 

Standard Specifications for Concentric- 
Lay-Stranded Copper Conductors, Hard, 
Medium-Hard, or Soft (B 8 - 82 ).2~-Re- 
vise as follows: 

Section 10(a).—In the second sentence 
delete the words “of increase.” 

Table III.—In the heading of the 
right-hand column, delete the words “‘of 
Increase.” 

Section 11.—Retain the present Sec- 
tion 11 as Paragraph (a) and add a new 
Paragraph (b) to read as follows: 


(b) The area of cross-section of a conductor 
may be determined by the Tentative Method 
for Determination of Cross-Sectional Area of 
Stranded Conductors, (ASTM Designation: 


(b) The bronze trolley wire may be made in 
any of the four distinct alloys indicated below in 
accordance with their increasing conductivities. 
Alloy 40 

Alloy 55 
Alloy 65 
Alloy 80 


Section 2.—Revise Item (4) to read 
“Alloy (Section 1(5)).” 

Section 3.—In Paragraph (a), change 
the parenthetical insert “(Note 2)” to 
read “(Note 1).” 

Delete Paragraph (5) including foot- 
note 3. 

Table I—Change column headings, 
as follows: 

“Class A Bronze Wire” to read “Alloys 


40 and 55.” 


1 
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“Class B Bronze Wire” to read “Alloy 
65.”’ 

“Class C Bronze Wire” to read “Alloy 
80.” 

Section 4(c).—Change parenthetical 
insert “(Note 3)” to read “(Note 2).” 
Section 7.—Change the heading pre- 
ceding Section 7 to read “Grooved and 
Figure-9 Wire.” Change Paragraph (a) 


to read “Grooved and figure-9 wire shall 
conform to the applicable requirements 
as to tensile properties prescribed in 
Table ITI.” 

In Paragraph (5), insert the words 
“or figure-9” between the words 
“grooved” and “wire.” 

In Paragraph (c), insert the words “or 
figure-9” between the words “grooved” 
and “wire.” 

Table III.—Revise to read as shown 
in the accompanying Table II. 

Section 8—Add at the end of the 
present section, another sentence reading 
“The twist test shall be omitted for 
figure-9 wire.” 

Section 9.—Retain the present Section 
9 as Paragraph (a) and add a new Para- 
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graph (5) to read “The standard section 
of figure-9 wire shall be as shown in 
Fig. 2 (accompanying Fig. 1).” 

New Figure.—Insert a new Fig. 2, as 
shown in the accompanying Fig. 1. 

Section 10.—Change Paragraph (a) to 
read “The size of the trolley wire shall 
be expressed as the nominal area of 
cross-section in circular mils.” 


Nominal Size, cir mils......... 335 000 
Area, sq in (Note 7)........... 0.2642 
Area, cir mils (Note 7) ......... 336 400 
Weight, lb per Mile (Note 7)... 5386 


DrMeEnsIONS FoR INSPECTION, IN. 


+0.006 
0.482{+8.006 
0.680 + 0.012 


Dimensions ror REFERENCE, IN. 


0.376 + 0.007 
0.235 


Fic. 1.—Standard Section of Figure-9 Grooved Trolley Wire. 


Insert new Paragraphs (6) and (c) to 
read as follows: 

(b) The standard sizes of grooved trolley 
wire shall be as specified in Fig. 1. 

(c) The standard size of figure-9 wire shall 
be as specified in Fig. 2 (accompanying Fig. 1). 

Reletter the present Paragraph (5) to 
Paragraph (d), insert the words “and 
Figure-9” between the words “grooved” 
and “trolley,” and add at the end the 
words “for grooved wire, and Fig. 2 for 
figure-9 wire.” 

Reletter the present Paragraph (c) 
to Paragraph (e) and change “(Note 7)” 
to read ‘(Note 6).” 

Section 11.—Change the heading pre- 
ceding Section 11 to read as follows: 
“Round, Grooved, and Figure-9 Wire.” 


I 


| 
_ 
0.093 
27 + 2deg 
51 + 2 deg 
78 de, 
A M—Radius.. .................. 0.015, +2-010 


In Paragraph (a), change the word 
“Electric” to read “Electrical,” and 
change “(Note 4)” to read “(Note 3).” 

Table IV.—Revise to read as shown in 
the accompanying Table III, deleting 
Footnote a. 

Section 12.—Change “(Note 5)” to 
read “(Note 4),” and change “(Note 6)” 
to read ‘(Note 5).” 

Figure 1.—Change “(Note 8)” to 
read ‘(Note 7)” in three places. 

Explanatory Notes.—Delete the pres- 
ent Note 1 and renumber successive 
notes accordingly. 

Renumber Note 7 to read Note 6, and 
insert in the second sentence after the 
words “Fig. 1” the words “for grooved 
wire, and Fig. 2 for figure-9 wire.” 


TABLE III.—REQUIREMENTS FOR ELECTRICAL 
RESISTIVITY. 


Resistivity 
Wire at 20 C (68 F) 
ohms (mile, lb) 


Renumber Note 8 to read Note 7, and 
add after the words “Fig. 1,” the words 
“for grooved wire and Fig. 2 for figure-9 
wire.” 


Table V.—Insert a new column of | 


figures between the conductivities 65 
and 40, as follows: 


Conductivity at 20 C (68 F), per 


Ohms (mile, pound)............ 1591.27 
Ohms (meter, gram)............ 0.27868 


Gall, font)... 18.857 
Ohms (meter, square millimeter) . 0.031348 
1.2342 
Microhms-centimeter........... 3.1348 


Revise Footnote a to read “These 
values are carried out to two decimal 
places to indicate somewhat more pre- 
cisely than in Section 11(a) the resistivity 
equivalent to 55 and 65 per cent conduc- 
tivity.” 
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Alloy 15 
Alloy 20 
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Editorial Note.—In the present pro- 
posed Section 10(c), renumber to read 
Section 10(e), and in the first sentence, 
after the words “Fig. 1” insert the words 
“and Fig. 2.” 

In the section titled “New Figure,” 
change the words “Fig. 2” to read “Fig. 
k 

In the section titled “Note 7,”’ change 
to “Note 6,” and revise to read “Delete 
Note 6 and renumber Note 7 as Note 6.” 

Renumber the proposed Fig. 2 to read 
Fig. 3. In the tabulation in this same 
Figure, insert in the heading of the last 
2 columns the figures “335,000” between 
the figures “300,000” and “350,000.” 

Standard Specifications for Hard- 
Drawn Copper Alloy Wires for Electrical 
Conductors (B 105 — 52).2—Revise as fol- 
lows: 

Section 1(b).—Revise to read as fol- 
lows: 


(b) The copper alloy wires may be made in 
any one of ten distinct alloys designated 8.5 to 
85 in accordance with their increasing con- 
ductivities, as follows: 

Alloy 8.5 
Alloy 13 


Alloy 30 
Alloy 40 
Alloy 55 
Alloy 65 ie 
Alloy 80 
Alloy 85 
Section 2.—Revise Item (3) to read 
“Alloy (Section 1(b) and Table I).” 
Section 3(b).—Delete Paragraph (6) 
including Footnote 3. 
Section 4(b)—Change the word 
“‘grades” to read “alloys,” in two places. 
Table I.—In the column headings, 
change the words “Grade No.” or “Grade 
Nos.” to read “Alloy” or “Alloys,” re- 
spectively. 
Section 7.—In the first sentence, 
change “Electric” to read “Electrical.” 
In the second sentence, change the 


word “grade” to read “‘alloy.” 


| 
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In the tabulation, change the heading 
of the first column to read “alloy” and 
delete the words “No.” in all cases. 

Section 9.—In the tabulation, change 
the heading of the first column to read 
“Alloy” and delete the words “No.” or 
“Nos.” in all cases. 

Explanatory Notes.—In Note 1, change 
the word “grades” to read “alloys” in 
two places. 

In the tabulation, change the heading 
of the first column to read “Alloy” and 
delete the words “No.” in all cases. 

Standard Specifications for Concen- 
tric-Lay-Stranded Aluminum Conductors, 
Hard-Drawn (B231-52).2—Revise as 


follows: 


Section 7—Add a new Paragraph (d) 
to read as follows: 


(d) All wires composing the conductors shall 
be capable of meeting the bending properties 
stated in the Tentative Specifications for Hard- 
Drawn Aluminum Wire for Electrical Purposes 
(ASTM Designation: B 230)* after stranding. 
Routine production testing after stranding is 
not required. 


Section 10.—Revise to read as fol- 
lows: 


10. Variation in Area.—The area of cross- 
section of the completed conductor shall not 
be less than 98 per cent of the area specified. 
Unless otherwise specified by the purchaser, 
the manufacturer may have the option of de- 
termining the cross-sectional area by either of 
the following methods, except that in case of 
question regarding area compliance, Method (2) 
shall be used. 

(1) The area of cross-section of a conductor 
may be determined by calculations from diame- 
ter measurements, expressed to four decimal 
places, of its component wires at any point when 
measured perpendicularly to their axes. 

(2) The area of cross-section of a conductor 
may be determined by the Tentative Method for 
Determination of Cross-Sectional Areas of 
Stranded Conductors (ASTM Designation: 
B 263).‘ In applying that method, the increment 
in weight resulting from stranding may be the 
applicable value specified in Section 9(a) or 
may be calculated from the measured com- 
ponent dimensions of the sample under test. 
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In case of question regarding area compliance, 
the actual weight increment due to stranding 
shall be calculated. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting® _ 


ACTIVITIES OF SUBCOMMITTEE 


Subcommittee I on Editorial and Rec- 
ords (A. A. Jones, chairman) continued 
its editorial review of specifications and 
coordinated the various subcommittee 
recommendations regarding revisions of 
the various specifications. 

Subcommittee II on Methods of Test 
and Sampling Procedures (J. B. Dixon, 
chairman) completed preparation of the 
proposed revision of Specification B 3 to 
incorporate statistical sampling pro- 
cedures, completed its review of the 
proposed Tentative Method for De- 
termination of Cross-Sectional Area of 
Stranded Conductors, and is considering 
the desirability of ultimately develop- 
ing statistical sampling procedures for 
tinned-copper, alloy-coated copper, and 
hard-drawn aluminum wire. 

Subcommitiee IV on Conductors of 
Copper and Copper Alloys (B. J. Sirois, 
chairman) completed preparation of 
the proposed Tentative Method of 
Test for Stiffness of Bare Soft Square 
and Rectangular Copper Wire for Mag- 
net Wire Fabrication, and revisions of 
specifications to cover the addition of a 
55 per cent conductivity alloy for bronze 
trolley wire, and the addition of a figure- 
9, deep-section bronze trolley wire. 

Task groups are working on the prepa- 
ration of proposed Tentative Specifica- 
tions for Soft or Annealed Coated Cop- 
per Conductors for Use in Hookup Wire 
for Electronic Equipment, and are 
considering the need for specifications to 

5 The letter balies vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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cover silver-plated wire or other plated 
or coated wires for higher-temperature 
applications. 

Subcommittee VII on Conductors of 
Light Metals (P. V. Faragher, chairman) 
has completed development of a duc- 
tility (brittleness) test requirement for 
hard-drawn aluminum wires, is working 
on the standardization of direction of 
lay of stranded aluminum conductors, 
standardization of large sizes of stranded 
aluminum conductors, standardization 
of additional constructions of ACSR 
conductors, preparation of a proposed 
specification for annealed or one-quarter 
hard aluminum wire for telephone cable 
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applications, and is considering the 7 
development of specifications for alumi- — 
num wire to be used in magnet wire. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 76 members; 564 members 
returned their ballots, all of whom have 
voted affirmatively. | 


Respectfully submitted on behalf of | 
the committee, 
D. HAtLoran, 


Chairman. 
A. A. JONEs, 
Secretary. 
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Committee B-2 on Non-Ferrous 
Metals and Alloys has held no meeting 
since its meeting in New York, N. Y., on 
June 26, 1952. During the past year the 
work of the committee has been handled 
by correspondence. 

The following six subcommittees have 
work before their respective task groups, 
namely, Subcommittee I on Refined 
Copper; Sub-committee II on Refined 
Lead, Tin, Antimony and Bismuth; 
Subcommittee III on White Metal 
Alleys; Subcommittee VI on Coated 
Metals; Subcommittee VII on Refined 
Nickel and Cobalt, High Nickel Alloys 
and High Cobalt Alloys, Cast and 
Wrought; and Subcommittee VIII on 
Miscellaneous Refined Metals and Al- 
loys. At present the other subcommittees 
have no actual work before them al- 
though work is pending. 

The Advisory Committee met on 
June 25, 1952 and again on February 
3, 1953, both meetings being held in 
New York, N. Y. At this time the 
committee has no recommendations in 
connection with standards or tentatives 
under its jurisdiction. 

A Symposium on Tin was conducted at 
the 1952 Annual Meeting of the Society 
by Subcommittee II on Refined Lead, 
Tin, Antimony and Bismuth. This 
Symposium as published! will comprise 
the following chapters: 


Tin Production and Resources. 
The Production and Uses of Tin Coatings. 


* Presented at the Py = sixth Annual Meeting of the 
Society, June 26-July 


as separate publication 
AST PP 141. 
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Trends in the Use of Tin in the Container 
Industry. 

Tin in Automobile Body Construction. 

Effect of Impurities in Tin on the Properties 
and Uses of the Metal and Alloys Contain- 
ing Tin. 

The Determination of Small Amounts of Im- 
purities in Tin. 

Panel Discussion on the Analysis of Tin, which 
was conducted in cooperation with Com- 
mittees E-2 and E-3. os 


Activities OF SUBCOMMITTEES 


Subcommitiee I on Refined Copper 
(William E. Milligan, chairman) has 
before it the revision of Specifications on 
Fire-Refined Casting Copper (B 72- 
47T), and Lake Copper Wire Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot 
Bars (B 4-42). The work of revision 
of each specification is in the hands of 
respective task groups. 

Subcommittee II on Refined Lead, Tin, 
Antimony and Bismuth (Sidney Rolle, 
chairman) still has under discussion the 
matter of a specification for pig tin. 
There is a variance of opinion among 
the members with respect to such speci- 
fications, and a task group is now look- 
ing into the preparation of a classi- 
fication of the various grades of tin. 
This task group met in New York, 
N. Y., on February 4, 1953. It is ex- 
pected that further meetings of this 
group, prior to the Annual Meeting of 
the Society, will make a report available 
for use of the subcommittee. 

Subcommittee III on White Metals 
and Alloys (G. H. Clamer, chairman).— 
The draft of a proposed tentative speci- 
fication for rosin flux cored solder which 
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- was sent to letter ballot and failed to 
receive acceptance has been returned to 
the task group for further consideration. 

Subcommiitee VI on Coated Metals 

(F. L. Scovill, Jr., chairman) continues 
the study of methods of test for con- 
tinuity of coating for Standard Speci- 

_ fication for Lead-Coated Copper Sheets 

101 - 40). 

Subcommittee VII on Refined Nickel 


and Cobalt, High-Nickel Alloys and 


_ High-Cobalt Alloys, Cast and Wrought 

_ (O. B. J. Fraser, chairman) has before it 

for revision the following tentative 

specifications: 

: Nickel-Copper Alloys Plate, Sheet and Strip 

(B 127-49 T), 

Nickel Rods and Bars (B 160-49 T), 

7 Nickel Seamless Pipe and Tubing (B 161 - 49 T), 
Nickel Plate, Sheet and Strip (B 162 - 49 T), 

Seamless Nickel and High Nickel Alloy Con- 
denser, Evaporator and MHeat-Exchanger 
Tubes (B 163 - 49 T), 

Nickel-Copper Alloy 
(B 164-49 T), 

Nickel-Copper Alloy Seamless Pipe and Tubing 
(B 165 - 49 T), 

Nickel-Chromium-Iron Alloys Rods and Bars 
(B 166-49 T), 

Nickel-Chromium-Iron Alloy Seamless Pipe and 
Tubing (B 167 - 49 T), and 

Nickel-Chromium-Iron Alloy Plate, Sheet and 
Strip (B 168 - 49 T). 


Rods and_ Bars 


The proposed revisions of these tenta- 
tives failed to receive acceptance in 
letter ballot of the subcommittee and 
were returned to the task group for 
further revision. 


designation B 284 — 53 T. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee B-2 presented to the Society 
through the Administrative Committee on Standards proposed Tentative Specifi- 
cations for Rosin Flux Cored Solder. This recommendation was accepted by the 
Standards Committee on November 9, 1953, and the new tentative specifications 
appear in the 1953 Supplement to Book of ASTM Standards, Part 2, bearing the 
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In addition, the subcommittee is 
preparing tentative specifications for 
nickel-molybdenum alloy (Hastelloy B), 
and nickel-chromium-molybdenum al- 
loy (Hastelloy C). 

The subcommittee is also working in 
conjunction with the ASME Boiler 
Code Committee on specifications for 
high-nickel alloy castings. 

Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman).—The proposed Ten- 
tative Specifications for Iodide Titanium; 
Titanium Strip, Sheet, Plate, Bar, Tube, 
Rod and Wire; and Titanium Ingot have 
been accepted by the Society. The sub- 
committee has before a task group a 
tentative specification for sponge titan- 
ium. 

At the meeting on June 26, 1952, the 
committee re-elected Bruce W. Gonser 
chairman, and G. Howard LeFevre 
secretary, both to serve for two years. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 135 members; 107 members 
returned their ballots, of all whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Bruce W. GONSER, 
Chairman. 


G. Howarp LEFEvRE, 
Secretary. 
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Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held a meet- 
ing in New York, N. Y., on June 23, 
1952. 

The committee consists of 103 mem- 
bers, of whom 85 are voting members; 
29 are classified as consumers, 36 as 
producers, and 20 as general interest 
members. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
three test methods under its jurisdiction 
be continued as tentative pending pos- 
sible revisions from work planned: 


Tentative Methods of Tests for: 


Total Immersion Corrosion Testing of Non- 
Ferrous Metals (B 185 - 43 T), 

Salt Spray Fog Testing (B 117-49T), and 

Alternate Immersion Corrosion Test of Non- 
Ferrous Metals (B 192 - 44 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Spray Test (C. O. 
Durbin, chairman).—The task group 
which has been studying the acetic 
acid - salt spray test has continued its 
work and found that this spray test is 
as effective as the regular salt spray test 
for determining the quality of copper- 
nickel-chromium or _nickel-chromium 
coatings on steel. It is also indicated 
from the work of the task group that in 
the acetic acid - salt spray test, time to 
failure of zinc-coated steel is proportional 
to the thickness of the zinc coating. 


* Presented at the Fifty-sixth Annual epee of the 
Society, June 28-July 3, 1953. es 
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Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).—A 
task group has been appointed to arrange 
for the determination of changes in 
weight and tensile properties of all the 
specimens removed from the atmospheric 
test racks after about 20 years. 

The same task group will arrange for 
the exposure of a few specimens of sev- 
eral metals at the new ASTM test sites 
in order to calibrate the corrosivity of 
the new sites with those of the old sites. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman).—L. G. vonLossberg, 
who has been making a survey of instru- 
ments and methods for measuring at- 
mospheric pollution, particularly wth 
respect to the presence of corrosive gases, 
presented an interim report to the sub- 
committee. 

The task group consisting of C. P. 
Larrabee and O. B. Ellis has continued 
its program of calibrating the corrosivity 
of the atmosphere at each of the several 
ASTM test sites by exposing specimens 
of zinc and steel. An interim report on 
these tests is to be presented at the 
Annual Meeting of the Society as a 
contribution of Subcommittee VII. This 
report is appended hereto.! 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (Gerald Kingsley, 
chairman).—A task group has been 
appointed to obtain da‘a on the first 
group of disk couples of magnesium 
coupled with other metals, removed from 
the atmospheric exposure test racks. 


1 See p. 194. 
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__ Exposure of the spool type samples of 
Part II of the magnesium galvanic 
couple program has been completed, and 
results are now being evaluated. 

Part III of the atmospheric exposure 
test on magnesium coupled with other 
metals, consisting of magnesium plates 
to which are fastened bars of other 
metals, has been delayed due to loss of 
materials. 

The subcommittee plans to repeat 
some of the original couple tests made 
several years ago on a few common 
metals in order to obtain comparative 
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data on the corrosivity of old and new 
ASTM test sites. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members; 52 re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
K. G. Compton, 
Chairman. 


A. W. Tracy, 
Secretary. 
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APPENDIX 


PROGRESS REPORT OF A SUBGROUP! OF SUBCOMMITTEE VII, ON 
CORROSIVENESS OF VARIOUS ATMOSPHERIC TEST SITES AS 
MEASURED BY SPECIMENS OF STEEL AND ZINC* 


During the February, 1948, meeting 
of ASTM Committee B-3, Subcommittee 
VII on Weather, the effects of periodic 
variation in weather conditions on at- 
mospheric corrosion were discussed. To 
determine the magnitude of such vari- 
ations C. P. Larrabee and O. B. Ellis! 
were appointed as a task group to make 
periodic exposures of specimens of steel 
and of zinc at several atmospheric test 
sites. The first exposures were made in 
April, 1948. Annual exposures and re- 
movals have been made since. This is a 
progress report summarizing some of the 
data that have been accumulated. 


Plan of Test: 


The test program was limited to two 
materials: cold-rolled steel and sheet 
zinc. Four specimens, 4 by 6 in., of each 
material were exposed for each removal 
period at each test site. The steel speci- 
mens were identified by notches punched 
in the edges, and the zinc specimens by 
drilled holes. The identification code des- 
ignated the time of exposure and re- 
moval and the location of the specimens. 

The steel specimens were pickled and 
weighed before exposure. After exposure 
they were cleaned in molten sodium 
hydroxide - sodium hydride and re- 


june 2 Annual Meeting of the 
iet une u 3. 
iC and Devel ent Labora- 


tory, United — "Stak Corp., Vandergrift, Pa. and O. 
llis, Senior Research Engineer, Armco Steel Corp., 
Middletown, Ohio. 


weighed. The zinc specimens were de- 
greased and weighed before exposure. 
After removal from test they were 
cleaned in dilute ammonium hycioxide 
and reweighed. 

The specimens were mounted on open 
frames between porcelain insulators. 
The frames were at an angle of 30 deg 
from the horizontal, facing south. 


TABLE I.—SCHEDULE FOR EXPOSURE AND 
MOVAL OF ATMOSPHERIC CALIBRATION TESTS. 


Removal Dates 

Exposure 

1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955| 1956 
ues x x x 
x x 
x 


Several samples of steel and of zinc, 
each consisting of four 4 by 6-in. speci- 
mens, have been and will be exposed 
according to the schedule shown in Table 
I. From this table it is evident that 
cumulative data for exposure periods 
greater than one year will be obtained. 
However, for this discussion only the 
1-yr weight-loss data of steel and of zinc 
specimens exposed at seven locations 
will be considered. 


Presentation of Data: 
The 1-yr weight-loss data of steel and 
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of zinc specimens exposed at seven loca- 
tions are given in Table II. From this 
tabulation it can be seen that there were 
annual variations in weight losses of steel 
and of zinc at all locations and that the 
several locations showed differing se- 
verity of corrosive attack. However, at 
two locations the variations in annual 
weight loss, particularly of steel, are 
sufficiently great to warrant further com- 
ment. These data from exposures at 
Kearny, N. J. and New York City are 
presented graphically in Figs. 1 and 2. 


than those exposed in the spring, except 
for the exposures made in 1951. 

The samples exposed at Kearny in 
the spring of 1948 corroded essentially 
the same as those exposed in the fall of 
1948 at New York City. However, 
samples subsequently exposed at Kearny 
corroded less than the samples exposed 
in 1948, but the attack at New York City 
increased in 1949 and then decreased 
during 1950 and 1951. 

The comparison of weight losses of 
samples exposed at New York City in 


TABLE II.—AVERAGE WEIGHT LOSSES AND STANDARD DEVIATIONS OF FOUR SPECIMENS OF STEEL 
EXPOSED ONE YEAR S 


AND OF ZINCE ED ONE AT SEVERAL LOCATIONS. (AVERAGE 1-YR WEIGHT LOSSES AND 
sow DEVIATIONS, GRAMS, OF SAMPLES OF STEEL AND OF ZINC EXPOSED IN THE YEARS 
7 Steel Zinc 
Location 1948 1949 1950 1951 1948 1949 1950 1951 
Middletown, Ohio -1/0.12} 28}0.02/0.27/0.01 
Sandy Hook, N. J. ... 
Kearny, N. 79/0.01/0. 79|0.01 
New York, N. Y... ...] 
New York, N. -910. 19}50.7|0.07/39. 
54/10. 6/0. 06/12. 2/0. 37/0. 53|0.04/0. 50/0. 01/0. 43/0. 02/0. 43/0.03 


® These samples were exposed in the fall; all other samples were exposed in the spring. 
These samples were exposed approximately 800 ft fom the — - 


Discussion of Data: 


Geographically, the test sités at 
Kearny and New York City are only a 
few miles apart. One is at ground level 
in the center of industrial activity in 
New Jersey; the other is on the roof of 
the 17-story, Port of New York Au- 
thority Building. In addition to the 
annual spring exposures at all locations, 
a series of specimens was exposed in 
New York City in the fall of each year. 

With reference to the zinc sample,” 
it will be noted from Fig. 1 that those 
exposed at New York City were corroded 
more severely than those exposed at 
Kearny. Furthermore, those samples ex- 
posed in the fall of the year at New 
York City were corroded more severely 


2 By “sample” is meant a group of specimens. 


the; spring and fall also is interesting. 
The spring exposures of 1949 and 1950 
corroded less than the fall exposures, but 
there was no difference between the 
samples exposed in the spring and fall 
of 1951. 

These differences in annual corrosion 
rates point out the fact that it is difficult 
and often misleading to attempt a state- 
ment of general conclusions regarding 
the corrosiveness of a particular test site. 
Although Kearny and New York City 
are geographically close together, there 
is a definite difference in the severity of 
atmospheric corrosion on specimens of 
zinc exposed simultaneously at the two 
locations. Furthermore, at New York 
City it has been shown that the time of 


the year in which the exposure is made 
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also may have an influence on the cor- 
rosive attack. Previous work by one of 
the authors’ has shown that weather con- 
ditions during the first week of exposure 
determined the subsequent rates of cor- 
rosion of sheet zinc exposed at a single 
location. Weather conditions with vari- 
ations in level of atmospheric pollution 
could be expected to account for con- 
siderable differences in severity of 
corrosion. 

A comparison of the weight losses of 


AN 


2 
c 
g/Vew York City~ Spring 
Ke) ‘New York City-Folll 
, N.k-Spring 
al 

1948- 1949- 1950- I95I- 

1949 1950 195! 1952 


Year of Exposure ond Removol 


Fic. 1.—Annual Variation fin\Weight Losses 
of Zinc Samples E: at New York City 
and at Kearny, N. J., from 1948 to 1952. 


the periodically exposed samples at the 
several locations, as shown in Table II, 
indicates that at most locations the per- 
centage variation between weight losses 
of steel samples from successive expo- 
sures are greater than for zinc samples 
exposed during the same periods. When 
the four, or in one case three, successive 
1-yr weight losses are averaged it is seen, 
as shown in Table III, that the ratios of 
corrosiveness of the various locations are 
nearly the same whether determined by 
zinc or by steel. The greatest difference 
is at Kearny where the weight losses 
for zinc were three times those at State 

30. B. Ellis, “Effect of Weather on the Initial Corro- 


sion Rate of Sheet Zinc,” Proceedings, Am. Soc. Testing 
Mats., Vol. 49,p.152(1949), 
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College, but the weight losses for steel 
were four times those at State College. 
The weight losses from the spring 
exposures of steel samples at Kearny 
and at New York City are in very good 
agreement, as shown in Table II and 
Fig. 2. Samples of steel exposed during 
succeeding springs at both locations 


erage Weight Loss, g per 4x6in 
Fe} 


1949- 1950 195I- 

1950 195! 1952 

Year of Exposure and Removal 

_ Fic. 2.—Annual Variation in Weight Losses 


of Steel Samples E at New York City 
and at Kearny, N. J., from 1948 to 1952. 


BLE III. OF CORROSIVENESS a4 
MOSPHERES WITH STATE COLLEGE AS UNIT 
AvaEAGe OF FOUR SUCCESSIVE YEARLY EX: 


Ole te 

3, 

1 1.3 | 1.5] 1.5 | 1.7 | 3.0] 3.8 
Steel 1 1.0 | 1.6] 1.6 | 2.2 | 4.0 | 3.4 
~ @ prin, at State College 


No 
the fall for comparison with the fall exposures at 
York City. 


showed periodic fluctuation of nearly 100 
per cent in weight losses. This is a note- 
worthy example of the effect of weather 
immediately following exposure on the 
corrosion of steel. The fact that this is 
the case is shown by comparison of the 
weight losses of steel samples exposed 
in the fall at New York City. For exam- 
ple, in Fig. 2 it is seen that samples 
exposed in the fall of 1948 and of 1949 
had weight losses over twice those of the 
samples exposed in the spring of 1949. 


\ 
ork City 
— 
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Similarly, specimens exposed in the fall 
of 1950 and of 1951 had over twice the 
weight losses of the specimens exposed 
in the spring of 1951. 

Although the corrosion rate of zinc has 
been shown to vary with weather condi- 
tions immediately following exposure, 
the same factors of weather are not re- 
sponsible for the variations in the cor- 
rosion rate of steel. In Fig. 1 the weight 
losses of zinc samples exposed at 
Kearny in the spring of 1949, 1950, and 
1951 are very much alike; whereas, as 
shown in Fig. 2, the weight losses of 
similarly exposed steel samples varied 


greatly. 
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Summary: 


Samples of zinc or of steel can be 
used to measure the relative corrosive- 
ness of the atmosphere at different test 
sites if average weight losses of yearly 
exposures are used. This has been demon- 
strated by data from four successive 
1-yr exposures at seven test sites varying 
from very severe to relatively mild de- 
grees of corrosiveness. 

The relative degree of severity of cor- 
rosiveness, as determined by a single 
exposure of zinc or of steel, could vary 
considerably from what is determined by 
the average of several successive 1-yr 
exposures. 
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REPORT OF COMMITTEE B-4 
‘ ON 
- ELECTRICAL HEATING, RESISTANCE, AND RELATED ALLOYS* 


Committee B-4 on Electrical Heating, 
Resistance, and Related Alloys has held 
three meetings since the presentation of 
its previous report as follows: In Atlantic 
City, June 5 and 6, 1952; in Washington, 
D. C., September 25 and 26, 1952; and 
in New York, N. Y., January 29 and 30, 
1953. 

The present membership of Commit- 
tee B-4 totals 68 members, of whom 40 
are classified as consumers, 20 as pro- 
ducers, and 8 as_ general interest 
members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1952 Annual Meet- 
ing, Committee B-4 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of: 


Test for Determining Hardness of Electrical 
Contact Materials (B 277 — 52 T). 


Tentalive Recommended Practice for: 


Sublimation Testing by the Electrical Resist- 
ance Method (B 278 - 52 T). 


These recommendations were accepted 
by the Standards Committee on De- 
cember 12, 1952, and the tentative 
method and recommended practice will 
appear in the 1953 Supplement to Book 
of ASTM Standards, Part 2. 

On April 16, 1953, the Administrative 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 


Committee on Standards accepted re- 
visions of the Tentative Specifications for 
Round Chromium-Copper Wire for Elec- 
tronic Devices (B 268-52 T). The re- 
vised specifications will appear in the 
1953 Supplement to Book of ASTM 
Standards, Part 2. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specification for High-Re- 
sistivity, Low-Temperature-Coefficient 
Wire (B 267-52 T)! be revised as follows 
and continued as tentative: 

Section 7.—Revise to read as follows: 


The change in resistance with change in 
temperature shall be within the following limits, 
and at no point within these ranges shall the 
temperature coefficient exceed the corresponding 
value. 

0.00002 ohms per ohm per deg Cent between 

—65 and +125 C 
+0.00003 ohms per ohm per deg Cent between 
+125 and +250 C 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following specifications be approved for 
reference to letter ballot of the Society for 
adoption as standard without revision: 


Tentative Specifications for: 


17 Per Cent Chromium-Iron Alloy for Sealing 
to Glass (B 256-51 T),! and 

28 Per Cent Chromium-Iron Alloy for Sealing 
to Glass (B 257 - 51 T).! 


The recommendations appearing in 
this report have been submitted to letter 


41952 Book of ASTM Standards, Part 2. 
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ballot of the committee, the results of 
which will be reported at -the Annual 
Meeting.? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Electrical Heating 
Materials (C. L. Raynor, chairman).— 
Additional work has been done leading to 
improvements in the Specification B 267. 
Revisions. were made on Specifications 
for Drawn or Rolled Alloy, 80 per cent 
Nickel, 20 per cent Chromium, for 
Electrical-Heating Elements (B 82 — 52), 
and Specifications for Drawn or Rolled 
Alloy, 60 per cent Nickel, 16 per cent 
Chromium, and Balance Iron, for Elec- 
trical-Heating Elements (B 83 - 52), pri- 
marily from the standpoint of resistivity 
versus size tolerances. Adequate revisions 
have been proposed for letter ballot. A 
paper on “Life Testing of Heating 
Alloys” was presented by Mr. Charles 
Guettel of the Driver Harris Co. at the 
January meeting. 

Subcommitiee V on Wrought and Cast 
Alloys for High Temperature Use (E. 
Edmunds, chairman) has reviewed the 
department of commerce specification 
N-80 and has raised question on the 
allowance of 80-20 alloys in carburizing, 
nitriding, and carbonitriding applica- 
tions. This group feels that there are no 
provisions for 25-30 alloys under car- 
burizing conditions and these comments 
have been brought to the attention of the 
originator of this specification. 

Subcommittee VII on Thermostat 
Metals (P. H. Brace, chairman) is work- 
ing ona revision of the Tentative Method 
of Test for Modulus of Elasticity of 
Thermostat Metals (B 223-51T). In 
addition, the group has reviewed and 
proposed changes in Methods B 106, 
Methods of Testing Thermostat Metals. 

Subcommitiee VIII on Metallic Materi- 
als for Radio Tubes and Incandescent Lamps 

2 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 


(S. A. Standing, chairman).—The sub- 
committee introduced work on clad mate- 
rial into the present wire section and are 
reviewing specification drafts on nickel- 
clad steel, aluminum-clad steel, nickel- 
plated steel, and aluminum-plated steel. 
In addition, this group made revisions in 
the specification on chromium-copper 
wire (B 268) and made a general survey 
of other round wire items from a physical ' 
point of view to establish a foundation 
upon which more detailed specifications 
could be formed. 
The mica group of this subcommittee 
is concerned with improving the general 
specifications for mica stampings. This 
work is being done in coordination with - 
Committee D-9 on Electrical Insulating 
Materials. The group is also working on 
the gas content and general test methods 


on the mica prior to the fabrication of | 


stampings. 

Section A on Nickel-Cathode Materials. 
—In the work on Tentative Specifica-— 
tions for Circular Cross-Section Nickel 
Cathode Sleeves for Electronic Devices 
(B 239-49 T), revisions were made of 
alloy grading and commercial grade 330 
was added as ASTM No. 7. 

Activity continues on a _ standard 
triode to overcome some of the deficien- 
cies of the present diode. Three labora- 
tories are working on this project. 

The data group has continued work 
on performance analysis of newer melts 
Nos. 86, 87, 88, and 89, and has made 
recommendations on the subject of 
nickel stock piling in answer to inquiries 
from the Munitions Board. Particular 
investigations were made with respect to 
cobalt content in the nickel as related to 
electronic tube performance. Latest evi- 
dence, however, does not bear out the 
earlier apparent correlation between the 
cobalt content and tube performance. 

Active programs continue on gas 
analysis and sublimation, and progress 
has been made in the chemical group in 


— 
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coordination with Committee E-3 on 
Chemical Analysis of Metals, where 
agreement has been reached on methods 
of test for manganese, cobalt, titanium, 
iron, and copper in cathode nickel. The 
physical test group has recommended 
changes in Tentative Methods of Testing 
Sleeves and Tubing for Radio Tube 
Cathodes (B 128-52 T) and Specifica- 
tions B 239. Activity continues on im- 
proved methods for micrometer measure- 
ment in conjunction with Committee 
E-1 on Methods of Testing. 

At the Washington meeting, Mr. 
Ryder of Bell Telephone Laboratories 
presented a talk on the subject of tran- 
sistors. 

Subcommittee IX on Method of Test for 
Alloys in Controlled Atmospheres (P. H. 
Brace, chairman) continues the study 
of the behavior of high-temperature- 
resistant alloys in atmosphere and oxygen 
as related to the disassociation pressure 
of nickel oxide. In addition, field tests 
are in progress on 30-15 alloy in nitriding 
and carburizing atmospheres; also, 
fatigue tests under carburizing conditions 
and continued study of “green rot.” 

Subcommittee X on Contact Materials 
(F. E. Carter, chairman).—General 
agreement was reached on a standard 
type of relay for “surety of making 
contact.” Variations in contact current 
and occasional insulation of contacts by 
films and dirt, with resulting test vari- 
ations, has resulted in work on several 
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proposed test devices. At the September 
meeting Mr. H. E. Stauss of the Na- 
val Research Laboratory spoke on the 
effects of circuit constant atmosphere 
on gas pressures on contact performance. 
In consideration of improved contact 
life, the importance of the radius to 
contact diameter of 4 to 1 was seen 
significantly better than 3.1 to 1. 

A new complete “Bibliography on 
Electrical Contacts” was issued in No- 
vember, 1952, as STP No. 56-G. The June 
meeting welcomed the talk by Mr. 
Holm? on welding of contacts. 

This subcommittee also improved its 
programming with respect to micro- 
currents, developed the method of test 
for hardness, and continued its work on 
thermal conductivity. 


The report has been submitted to 
letter ballot of the committee, which 
consists of 68 members; 54 members 
returned their ballot, of whom 49 voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
S. A. STANDING, 
Chairman. 


3 Else Holm and Ragnar Holm, ‘‘The Fundamentals 
of the Welding of Electric Contacts Under Heavy Current 
Conditions,’’ AS Butuetin, No. 188, February, 1953 
p. 39 (TP 31). 


STANTON UMBREIT, 
Secretary, 
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REPORT OF COMMITTEE B-5 
ON 
COPPER AND COPPER ALLOYS, CAST AND WROUGHT* 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held three 
meetings during the year: at Phila- 
delphia, Pa., on November 19, 1952, and 
at New York, N. Y., on June 25, 1952 
and March 18, 1953. At these three 
sessions the Advisory Committee and 
Subcommittees W-1, W-2, W-3, W-4 also 
met; Subcommittees F-1, G-1, and G-3 
met at the November and March ses- 
sions. 

During the year, 15 members were 
added to the committee and there were 
16 removals. At the present time the 
committee consists of 135 members, of 
whom 114 are voting members; 52 are 
classified as producers, 41 as consumers, 
and 21 as general interest members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS . 


Subsequent to the 1952 Annual Meet- 
ing, Committee B-5 presented to the 
Society, through the Administrative 
Committee on Standards, the following 
recommendations: 


Revision of Tentative Specification for: 
Copper Rod, Bar, and Shapes (B 133 - 52 T): 
Tentative Revision of Standard Specifications for: 
Copper and Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111-52), and 
Manganese Bronze Rod, Bar, and Shapes 
(B 138 - 52). 
These recommendations were accepted 
by the Committee on Standards on 
September 5, 1952. 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 29-July 3, 1953. 


On October 23, 1952 the Standards 
Committee accepted the following recom- 
mendation of Committee B-5: 


Revision of Tentative Specification for: 


Copper-Nickel-Zinc Alloy (Nickel Silver) and 
Copper-Nickel Alloy Plate, Sheet, Strip, and 
Rolled Bar (B 122 - 52 T). 


The revised tentative specifications 
and tentative revisions appear in the 
1952 Book of ASTM Standards, Part 2. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is submitting one new _ 
tentative specification, revisions in one — 
tentative specification, and tentative 
revisions in 10 standards. The standards 
and tentatives affected, together with 
the revisions recommended, are pdt 
in detail in the Appendix.' 

The recommendations in this report — 
have been submitted to letter ~—l 
of the committee, the results of which 
will be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


The following is the report of the 
several subcommittees during the year. 
The actions on standards are given in 
detail in the Appendix. 

Subcommittee W-1 on Plate, Sheet, and 
Strip (S. A. Rosecrans, chairman) recom- 
mended at the June meeting that re- 
visions be incorporated in Tentative 
Specification B 122. 

At the November meeting, the sub- 
committee recommended revisions be 


1 1 See p.2 
2 Tire Netter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarte: rs. 
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incorporated in Tentative Specification 
B 248 for General Requirements. Tenta- 
tive revisions were recommended in four 
standard specifications: B 130, B 131, 
B 152, and B 171. 

Among the subjects being studied by 
the subcommittee are the preparation of 
yield strength requirements for material 
covered by Specification B 11 for Copper 
Plates when used by The American 
Society of Mechanical Engineers; the 
preparation of another specification for 
copper-beryllium alloy; the correlation 
of Rockwell hardness and tensile strength 
values; the simplification of chemical 
requirements for copper-silicon alloys; 
temper limitations for cold-rolled copper; 
and the preparation of requirements for: 
10 per cent nickel silver to be added 
to Specification B 122; manganese 
brass resistance welding; and tin-coated 
copper. 

Subcommittee W-2 on Rods, Bars, and 
Shapes (J. D. MacQueen, chairman) 
recommended at the June meeting that 
revisions be incorporated in Tentative 
Specification B 133, and that Standard 
Specification B 138 be tentatively re- 
vised. A task group (G. H. Harnden, 
chairman) prepared the revisions for 
tensile requirements in Specification 
B 133. A task group (G. C. Mutch, 
chairman) prepared the dimensional 
tolerance requirements for hot-forged 
material in the tentative revisions for 
Specification B 138. 

At the November meeting the sub- 
committee recommended tentative re- 
visions for three standard specifications: 
B 21, B 138, and B 150. A task group 
(H. C. Ashley, chairman) prepared the 
requirements for mercurous nitrate test 
specimens in these tentative revisions. 

Among the subjects being considered 
by the subcommittee are the preparation 
of a specification for copper and copper- 
alloy die forgings (hot-pressed); yield 
strength requirements for material cov- 
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ered by Specification B 12 for Copper 
Rods when used by the ASME; and 
provision for dimensional tolerances for 
hot-forged material in Specification 
B 138. The subcommittee is also con- 
sidering the revision of tensile require- 
ments in Specification B 133; the simpli- 
fication of chemical requirements for 
copper-silicon alloys; the deletion of 
provision for machined bend test speci- 
mens in Specification B 187; and the 
revision of chemical requirements for 
rod of Type OF copper. 

Subcommitiee W-3 on Wire and Wire 
Rod (W. D. France, chairman) is 
studying the simplification of chemical 
requirements in Specification B 99; 
the preparation of another specification 
for copper-beryllium alloy; requirements 
for 10 per cent nickel silver wire to be 
added to Specification B 206; and re- 
quirements for copper flat products with 
finished edges. 

Subcommitiee W-4 on Pipe and Tube 
(R. S. Pratt, chairman) recommended 
tentative revisions in Standard Spec- 
ification B 111 at the June meeting, and, 
at the November meeting, tentative 
revisions for standard specifications B 14, 
B 43, and B 111. A task group (H. C. 
Ashley, chairman) prepared the require- 
ments for mercurous nitrate test speci- 
mens in the tentative revisions for 
Specifications B 43 and B 111. The sub- 
committee recommends a proposed new 
Tentative Specification for Seamless 
Copper Tube for Refrigeration Field 
Service, prepared by a task group (J. 
S. Rodgers, chairman). 

Among the subjects under consider- 
ation in the subcommittee are the re- 
view of temper requirements in Specifica- 
tion B 75 for seamless copper tubes, 
and Rockwell hardness requirements in 
tube specifications. For Specification 
B 111, the subcommittee is studying the 
revision of dimensional tolerances, re- 
vision of requirements for the expanding 


test, the deletion of 80-20 copper-nickel 
alloy, and revision of requirements for 
copper content in aluminum bronze. 
Yield strength requirements are being 
prepared for the following specifications 
for tube and pipe when used by the 
ASME: B 13, B 42, B 43, B 75, and 
B 111. The subcommittee is also study- 
ing the preparation of revised chemical 
requirements for Type OF copper in 


Specification B 75; the elimination of the ° 


microscopic examination for cuprous 
oxide in Type DHP copper in Speci- 
fications B 42, B 68, B 75, and B 88; 
the preparation of requirements for 
new pipe-size schedules for copper, 
admiralty metal, copper-silicon alloys 
and copper-nickel alloys; and revised 
limits for lead in Alloy No. 3 in Speci- 
fication B 135. For Specification B 251 
for General Requirements, the sub- 
committee is considering revision of 
lot-size requirements for sampling large- 
size pipe. 

Subcommittee F-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 
chairman; M. L. Steinbuch, secretary) 
recommended that Tentative Recom- 
mended Practice for Preparing Tension 
Test Specimens for Copper-Base Alloys 
for Sand Castings B 208-49T be 
continued as tentative. 

Among the subjects under consider- 
ation in the subcommittee are the re- 
vision of chemical requirements in Spec- 
ification B 198; the preparation of 
tables for chemical and physical require- 
ments in Specification B 271; and, for 
Recommended Practice B 208, prepar- 
ation of an Appendix covering a code of 
procedure for the inspection of copper- 
base alloy sand castings. The subcom- 
mittee is also preparing a specification for 
nickel-tin bronze castings. 

Subcommittee G-1 on Methods of Test 
(G. R. Gohn, chairman; J. P. Guerard, 
secretary) is preparing recommended 
practices for the measurement of dimen- 
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sions such as thickness, width, diameter, 
and length. The subcommittee is re- 
viewing Tentative Methods E 91 to 
determine what changes are desirable to 
permit the use of these methods for 
estimating the grain size of copper and 
copper alloys, and is continuing its work 
on the analysis of previous studies on the 
determination of grain size. 

Subcommittee G-2 on Tolerances (J. E. 
McGraw, chairman), in cooperation with 
Subcommittee W-1, recommended for 
Specification B 248 the revision of 
width tolerances for slit metal and slit 
metal with rolled edges, and the addition 
of length tolerances for square-sheared 
and sawed metal. For Specification 
B 251, the subcommittee recommended 
to Subcommittee W-4 the revision of 
sampling requirements, the addition of a 
definition for average tube diameter, 
and the deletion of straightness toler- 
ances for copper water tube. 


Among the subjects being considered 7 


by the subcommittee are a stated 
temperature for making dimensional 
measurements; for Specification B 248, 
the deletion of dimensional tolerances 
for flat products over 1 in. thick; and for 
Specifications B 135 and B 188, the re- 
vision of straightness tolerances. 

Subcommittee G-3 on Editorial and 
Publications (W. F. Roeser, chairman) 
recommended the detailed alphabetical 
subject index to contents of the special 
volume of ASTM Standards on Copper 
and Copper Alloys; that the committee 
sponsor the publication of an extensive 
ASTM monograph on the mechanical 
properties of phosphor bronzes based on 
a cooperative investigation by Bell 
Telephone Laboratories Inc. and The 
Riverside Metal Co.; and the elimi- 
nation of such terms as “class” and 
“grade” for designating alloys in stand- 
ards. 

Among the subjects under consider- 


| 
| | 
n 
e 
h 
d 
ig 


204 =the REPORT OF COMMITTEE B-5 


ation in the subcommittee is the prepar- 
ation of a classification of wrought 


copper alloys. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 114 voting members; 100 


tions: 


Tentative Specification for: 


Revision of Tentative Specifications for: 


Shapes (B 249 - 52 T), and 
and Tube (B 251 — 52 T). 


Seamless Brass Tube (B 135 — 52), 


Manganese Bronze Rod, Bar, and Shapes (B 138 — 52), and 


returned their ballots, of whom 97 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. H. HARNDEN, 


Chairman. 
V. P. WEAVER, 
Secretary. 
4 


EprroriAL NoTE 


Subsequent to the Annual Meeting, Committee B-5 presented to the Society — 
through the Administrative Committee on Standards the following recommenda- > : 


Copper and Copper-Alloy Die Forgings (Hot-Pressed) (B 283 - 53 T). 7 


General Requirements for Wrought Copper and Copper-Alloy Rod, Bar, and — 


General Requirements for Wrought Seamless Copper and Copper-Alloy Pipe 


Tentative Revision of Standard Specifications for: 


Copper Plates for Locomotive Fireboxes (B 11-49), 
Copper Rods for Locomotive Staybolts (B 12 - 52), 
Seamless Copper Water Tube (B 88 - 51), 


Copper-Alloy Condenser Tube Plates (B 171 — 52). 


_ These recommendations were accepted by the Standards Committee on Septem- 
ber 9, 1953, and the new and revised tentatives together with the tentative revisions _ 
of the standards appear in the 1953 Supplement to Book of ASTM Standards, © 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER AND 
COPPER ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. The 
standards appear in their present form 
in the 1952 Book of ASTM Standards, 
Part 2. 


NEw TENTATIVE 


The committee recommends the fol- 
lowing new specification for publication 
as tentative: 


Tentative Specification for Seamless Cop- 
per Tube for Refrigeration Field Ser- 
vice.! 

REVISION OF TENTATIVE 


The committee recommends that the 
following tentative specification be re- 
vised as indicated below and continued 
as tentative. 


Tentative Specification for General 
Requirements for Wrought Copper and 
Copper-Alloy Plate, Sheet, Strip, and 
Rolled Bar (B 248-52T): 


Table IV.—Revise to read as shown 
in the accompanying Table I. 

Section 8(d).—Add references to length 
tolerances for square-sheared metal and 
sawed metal in new Tables XIV and XV 
(accompanying Tables II and III) in- 
dicating that the new tables are applica- 
ble to ASTM Designations B 36, B 97, 
B 103, B 121, B 122, B 152, B 169, and 
B 194, 


New Tables—Add new Tables XIV- 


1 The new tentative was accepted by the Society and 
in the Supplement Book of ASTM 


TABLE I.—WIDTH TOLERANCES FOR SLIT 
METAL AND SLIT METAL WITH ROLLED EDGES. 
(Applicable to ASTM Designations B 36, B 97, B 103, 

Bi 121, B 122, B 152, B 169, and B 194.) 


Width Tolerances® plus and 
minus, in. 

| wee | For For 
Width, in. Thicke | Thick- | Thick- | Thick- 
| nesses | messes | nesses | nesses 

0.004 to over over | over 
0.032 to 0.125 to 0.188 to 

0.032 0.125 | 0.188 
in., incl 

in., incl in., incl in., incl 
2 and under...... 0.005 0.010 0.012 | 0.015 
Over 2 to 8, incl. 0.008 0.013 | 0:015 | 0,085 

Over 8 to 20, incl. % | | 


* If tolerances are me as all plus or all minus, — 


double the values given. 


TABLE _II—LENGTH TOLERANCES FOR 
At ee METAL IN ALL WIDTHS 120 IN. 


(Applicable to ASTM Designations B 36, B 97, B 103, - 


B 121, B 122, B 152, B 169, and B 194.) 


| plus and minus, in. 

! 


For 
Length, in. Thick-| For 
Thick nesses | Thick- 
up to | Over | nesses 
in., in 
me 
——— 
| 
Over 20 to 36, incl 
Over 36 to 120, | | % | 


* If tolerances are specified as all plus or all minus, 


double the values given. 


TABLE FOR SAWED 


(Applicable » ASTM B 36, 97, B 103, 
B 121, B 122, B 152, B 169, and B 1 4.) 

Note. following tolerances are plus; if all 

minus tolerances are desired, use the same values; if toler- 

ances are desired plus and minus, halve the values given. 


Length 
Width, in. in. 


205 


4 


and XV to read as indicated in the ac- 
companying Tables II and III. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends revisions 
of 10 standards for publication as tenta- 
tive as indicated below: 


Standard Specification for Seamless 
Brass Boiler Tubes (B 14-49): 


Section 4.—Revise the requirement 
for copper content from the present 
“68.5 min” to read “68.5 to 71.5” per 
cent. 


Standard Specification for Naval Brass 
Rod, Bar, and Shapes (B 21 - 52): 
Section 6.—Revise to read “The test 

specimens, cut at least....” 


Standard Specification for Seamless 
Red Brass Pipe, Standard Sizes (B 
43 52): 

Section 7.—Revise to read “The test 
specimens, cut 6 in. in length.. 


Standard Specification for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 - 52): 


Section 10.— Revise to read “The test 
specimens, cut 6 in. in length... .” 
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Standard Specifications for: 


Gilding Metal Strip (B 130-52), and 


Gilding Metal Bullet Jacket Cups (B 
131 - 52): 


In the title and throughout the speci- 
fications revise “Gilding Metal” to 
read “Commercial Bronze.” 


Standard Specifications for: 

Manganese Bronze Rod, Bar, and Shapes 
(B 138 - 52), and 

Aluminum Bronze Rod, Bar, and Shapes 
(B 150-52): 


Section 6.—Revise as indicated above 
for Section 6 in Specification B 21. 


Standard Specification for Copper Sheet, 
Strip, Plate, and Rolled Bar (B 
152 52): 

Table II.—Delete “B” scale Rock- 
well hardness values. 


Standard Specification for Copper-Alloy 
Condenser Tube Plates (B 171-52): 


Table I.—For copper-nickel alloy de- 
lete tin requirement of “1.5 max.” 

Section 7.—Delete and renumber sub- 
sequent sections accordingly. 

Section 8—In Paragraph (a) delete 
the words “except bending properties.” 

Delete Paragraph (0). 


Lest o we oe 


val ° e 
Se 


Committee B-6 held two meetings dur- 
ing the year: one in New York, N. Y., 
on June 25, 1952, and one in Detroit, 
Mich., on March 4, 1953, with an at- 
tendance of 41 and 36, respectively. 

There is a balance of $2697.56 in the 
funds of Committee B-6 as of Decem- 
ber 19, 1952. 

At the present time, the committee 
consists of 90 members, of whom 42 are 
classified as producers, 24 as consumers, 
and 24 as general interest members. ~ 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION! 


The committee recommends for im- 
mediate adoption! the following revision 
in Standard Specifications for Zinc- 
Base Alloy Die Castings (B 86 - 52)? 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that this recommendation may 
be referred to letter ballot of the Society: 

Table I—Change the maximum limit 
for copper for Alloy XXIII from 0.10 
to 0.15 per cent. 

This specification change was sub- 
mitted to letter ballot a year ago at which 
time 79 members returned their ballots, 
of whom 53 voted affirmatively and 1 
negatively. In view of the one negative 
vote, the proposed revision was removed 
from the 1952 report and reconsidered by 
both Subcommittee II and Committee 
B-6. Now that the revision has been 


* Presented at the Fifty-sixth Annual Meeting of the 
Soe June 29-July 3, 1953. 
his recommendation failed of approval at the An- 
nual Meeting; see also Editorial Note. 
2 1952 Book of ASTM Standards, Part 2. a; 
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reworded in an attempt to satisfy the 
negative vote, the recommendation has 
been resubmitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting® 


ACTIVITIES OF SUBCOMMITTEES © 


Advisory Committee (W. Babington, 
chairman) reported that the following 
two changes were desirable in the By- 
Laws of Committee B-6: 


1. Article III, Section 1, Part 4, “The Sec- 
retary-Treasurer of the Society, ex-officio” 
should be changed to “A representative of 
the Staff of the Society, ex-officio,” since the 
Society does not have a Secretary-Treasurer. 

2. Article VI, Section 4, “If a member of 
a subcommittee or his authorized representa- 
tive fails to attend a meeting of the subcom- 
mittee for two consecutive years ....” should 
be changed to re: .. for three consecu- 
tive meetings... .’’ to make it consistent 
with Article V, Section 3. 


D. L. Colwell was appointed as the 
official representative of Committee B-6 
on Subcommittee VII (Codification of 
Light Alloys) of Committee B-7. 

Committee B-6 requested that the 
Society schedule winter meetings in 
January, preferably during the last 
two weeks, rather than the customary 
first week in March. 

Subcommittee I on Aluminum-Base Die 
Casting Alloys (E. V. Blackmun, chair- 
man) reported that the first attempt to 


3 The letter ballot vote on this recommendation was 
favorable; the results of the vote are on record at ASTM 
Headquarters, 


TABLE I.—EFFECT OF EXPOSURE TO THE 
ATMOSPHERE ON THE MECHANICAL PROPER- 
AG (G8) 
TEST BARS AFTER 5 YEARS* EXPOSU 
(Tested only by 


| Manufacturer A Manufacturer B 


| 

pe ot | | 8? 
88) 


Exposep on ‘Roor oF BELL TELEPHONE. LABORATORIES, 
New York, N. Y 


Cast In GOOSENECK MACHINES 


No. 1 35 400) 25 000) 4.0 /40 300 |27 700 |4.0 
No. 2 36 400} 26 000) 3.5 [42 200 |27 700 |4.5 
No. 3 34 800] 26 000} 3.0 [41 300 |27 300 /4.5 
No. 4 37 000} 25 400} 3.5 j|41 700 |28 700 /4.0 
No. 5 35 700) 26 200) 3.0 |39 700 |4.5 
Average... 35 900} 25 700} 3.4 |40 900 |28 000 |4.3 
Cox CHAMBER MAacuINES 
No. 1 900 [29 200 |s.5 
No 2 | 41 200] 25 500} 5.5 136 500 |28 100 |4.0 
No. 3 | 38 500} 24 700] 5.0 |44 700 |28 700 |6.0 
No. 4 40 100} 24 500} 4.5 [41 800 |28 900 |5.0 
No. 5 | 40 100} 24 500] 5.0 |47 200 |28 900 /6.0 
Average. 40 000} 24 800} 5.0 000 800 [5.3 
EXPOSED AT SANDY Hoox, N. J. 
Cast In GOOSENECK MACHINES 

.| 38 800] 23 700) 5.5 900 |25 500 

39 400} 22 900} 5.5 900 |25 800 

37 600} 24 400) 5.0 |41 500 |25 800 

39 500] 22 400} 5.5 [43 600 800 |5.5 

| 38 100] 22 400} 5.0 [40 600 100 /4.5 

38 700} 23 200} 5.3 |41 500 800 |4.9 

Cast IN Com CHAMBER MAacaines 

No. 1.. 40 300} 23 500} 5.5 |46 000 300 j7.5 
No. 2.. 40 800} 23 800} 5.5 |46 800 |26 100 |7.5 
No. 3.. 39 22 600} 5.0 |47 800,/26 600 |7.5 
No 4.. 38 100] 22 900} 5.0 |39 200°25 200°)4.0° 
No. 5 39 400) 22 600} 5.0 |45 500 |26 900 |7.5 
39 500} 23 100} 5.2 500 500 

One and two year “date were in Prect ding $, Am. 
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TABLE Il.—EFFECT OF EXPOSURE TO THE 
OSPHE: 


ATM! ON THE MECHANICAL PROPER- 
TIES OF 9.5 PER Sab SILICON, 0.5 PER CENT 
MAGNESIUM ALLO ew TEST BARS AFTER 


5 YEARS* EXPOSU 
(Tested per by Laboratory No. 1) 


Manufacturer A Manufacturer B 

of as 

Sn ea | ba 


New York, N. Y. 


| 39 $00 25 000} 3.0 |43 100 |30 200 |2.0 
40 700) 24 300} 2.5 500 |30 200 
No. 3 38 200] 27 400} 2.5 [44 100 {29 200 /2.5 
No. 4 39 500] 27 400} 2.5 [43 000 |29 900 /2.0 
No. 5 3 43 200 |31 000 [2.0 
Average. 39 500} 26 000} 2.5 [43 600 [30 100 
Purity GRapE 
40 300} 24 700) 3.5 |41 800 |25 700 |2.5 
No. 2 40 800} 24 900} 3.5 |43 900 [25 500 |2.5 
No. 3 24 500} 3.0 |42 100 |25 100 |2.0 
No 4 41 700) 24 500} 3.5 |43 000 |25 900 |2.0 
No. 5 40 300) 21 900} 3.5 |41 800 /25 100 |2.0 
Average... .| 40 800} 24 100) 3.4 |42 500 /25 500 |2.2 
Exposep at Sanpy Hook, N. J. 
CommMerciaAL Puriry GRADE 
38 300} 25 600} 2.5 |42 900 |28 300 |2.0 
No. 2 40 300} 23 900} 2.5 [42 200 |29 400 |2.0 
No. 3 41 400} 27 000} 2.5 |40 700 |29 400 /1.5 
No. 4 42 500} 26 000} 2.5 [43 900 |29 600 |2.0 
No. 5 40 600} 25 600} 2.5 |42 300 |27 900 |2.0 
Average 40 600} 25 600} 2.5 [42 400 900 |1.9 
Purity GRADE 
No. 1 23 300} 5.0 |40 100 |24 600 /2.5 
No. 2 25 400} 5.0 |41 500 100 
No. 3 41 500) 25 200) 4.5 [41 100 /26 100 [2.5 
No. 4 42 700) 24 900) 4.5 |41 800 |24 900 [2.5 
No. 5 37 000} 24 500} 4.5 |41 500 |26 300 |2.5 
Average... .| 41 200) 24 4.7 200 600 |2.5 


Soc, Testing Mats., Vol. 48, p. 191 (1948). 
> Considerable porosity—not included in averages. 


prepare a tabulation to guide users in 
the selection of the proper die-casting 
alloy for a particular application, and at 
making revisions in the typical mechan- 
ical properties table in the Appendix of 
Tentative Specifications for Aluminum- 


Base Alloy Die Castings (B 85 - 52 T), 


One and two data were in Proceedings, Am 
Soc. Testing Mats., Vol. 48, p. 191 (1948). 


had produced some negative votes, and 
so both tables were referred back to the 
Task Group for further study. 

About four years ago, the zinc limit 
in alloy SC84A was raised from 0.6 to 
1.0 per cent on the basis of data that 
were accumulated specifically for that 
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purpose. Unfortunately, these results 
were not published, but the oversight is 
now being corrected with the incorpora- 
tion of a report on “The Effect of Zinc 
Content on the Mechanical Properties 
of the SC84A Aluminum Die-Casting 
Alloy” as an Appendix to this report.‘ 

Subcommitiee II on Zinc-Base Die 
Casting Alloys (A. E. Weiss, chairman) 
recommended that the permissible copper 
limit in Alloy XXIII of Standard Specifi- 
cations for Zinc-Base Alloy Die Castings 
(B 86-52) be increased from 0.10 to 
0.15 per cent.’ 

Subcommittee V on Exposure and 
7 Corrosion Tests (Sam Tour, chairman) 

reported that the tests on samples of 
aluminum alloys G8 and SG100A after 
five years of exposure at Sandy Hook, 
N. J.,and at New York City have been 
completed. The latest results are re- 
ported in Tables I and II, and the com- 
bined results of the 1-, 2-, and 5-yr ex- 
posures are reported in bar chart form 
in Fig. 1. The lowest and median points 
of the bar charts indicate yield and ten- 
sile strengths, respectively. The upper 
point refers to the per cent elongation 
as indicated by the scale on the right- 
hand side of the figure. 

The subcommittee reports also the 
initiation of a new series of exposure tests 
on aluminum alloy SC84A with various 
amounts of zinc from low to as high as 
2 per cent. Test bars are being exposed 
at the 80- and 800-ft test sites at Kure 
Beach, N. C., New York City, and Co- 
lumbus, Ohio, test sites for 1-, 3-, 6-, and 
12-yr periods. 

Subcommitiee VIII on Brass Die 
Casting Alloys (J. C. Fox, chairman) 
reported an error in the yield strength 
of alloy ZS144A in Standard Specifica- 
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tions for Copper-Base (Brass) Alloy 
Die Castings (B 176-52). A typical 
yield strength of 30,000 psi is shown, 
whereas this should be 50,000 psi. 

A Task Group has been appointed to 
study the effect of iron content in alloy 
ZS331A in the range from 0.10 to 0.50 
per cent with the aim of raising the iron 
limit in the specification for this alloy 
from 0.15 to 0.25 per cent if it can be 
done without producing any deleterious 
effects. 

Subcommittee IX on Die Casting Proc- 
esses (A. E. Martin, chairman) reported 
that a paper entitled “An Analytical 
Study of the Die Casting Process” by 
Bruno Sachs was recommended to the 
Society for publication in the BuLLETIN.® 
It was the feeling of the committee that 
the paper represented a forward step in 
the fund of basic knowledge on the die 
casting process and that this paper, in 
conjunction with those by Jacobi’ and 
by Babington and Kleppinger,® would 
serve to stimulate additional discussion 
and eventually lead to further advances 
in the process. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 90 members; 84 members 
returned their ballots, of whom 76 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. BABINGTON, 


Chairman. 
G. L. WERLEY, 
Secretar ‘ye 
* ASTM Butzetin, No. 192, September, 1953, p. 27 
(TP117) 


’ Edward Jacobi, “Flow Clotting for Die Castin 
Aone to the ASTM Committee B-6 Test Casting Die,” 
A No. 166, 1950, p. 65 

sw. and “Kleppinger “Aluminum 
Die Casts he Effect of Process Variables on Their 
~~) “~voemmes Am. Soc. Testing Mats., Vol. 51, 
P. 


| 
4See p. 212. 
5 See p. 211. 
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EpiTor1AL Note 


1953 Supplement to Book of ASTM Standards, Part 2. 


ADDENDUM TO B-6 REPORT 


The data supporting the proposed increase in permissible maximum copper content of 
Alloy XXIII of Standard Specifications for Zinc-Base Alloy Die Castings (B 86-52) from 
0.10 to 0.15 per cent has appeared in the minutes of Subcommittee II of B-6 and in the 


minutes of Committee B-6. 


Attention has been called, by the one negative voter, to the fact that the supporting 
data for this change has not been included in the annual report. Committee B-6 wishes to 
correct this oversight herewith and to present a summary of these supporting data, furnished 
by Mr. G. H. Werley of the New Jersey Zinc Co. of Pennsylvania for inclusion with the 


1953 Annual Report. 


Subsequent to the Annual’ Meeting, Committee B-6 presented to the Society 
through the Administrative Committee on Standards the recommendation that 
the Standard Specifications for Zinc-Base Alloy Die Castings (B 86 — 52) be revised 
and reverted to tentative. This recommendation was accepted by the Standards 
_ Committee on September 9, 1953, and the tentative specifications appear in the 
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Alloy XXIII Plus Copper Additions 


- r cent 0.1 per cent oy per cent 0.5 ad cent 

As Cast 

Brinell 82 82 83 85 

Per cent 4 5 3 3 
After Exposure to a at 95 C for 10 Days 

po SRST 33 800 34 900 35 500 36 600 

Impact strength, ft. 29 25 21 19 

Per cent elongation in 2-in...................++. il 9 9 10 

0.0007 0. 0005 0. 0004 0. 0003 
After 10 yr Indoor Aging 

Tensile 34 700 35 800 36 600 37 000 

strength, t-lb, \-in. bars. 36 32 29 30 

Brinell hardness.............. 62 62 66 66 

Per cent elongation in 2-in.. wend 12 11 9 8 

0.0001 0. 0001 0. 0001 0. 0001 


f = 


APPENDIX 


THE EFFECT OF ZINC CONTENT ON THE MECHANICAL PROPERTIES 
OF THE SC84A ALUMINUM DIE-CASTING ALLOY 


At the June, 1949, meeting, a proposal 
was made to increase the zinc content 
of the SC84A alloy of ASTM Tentative 
Specifications for Aluminum-Base Alloy 
Die Castings (B 85)! from 0.6 to 1.0 
per cent. The history of this alloy, 
commonly known by its Army Specifi- 
cation as AXS-679, shows that until 
September of 1942 the zinc content was 
1.0 per cent but, in a compromise action 
by the WPB when the silicon was in- 
creased, it was lowered to 0.6 per cent. 

At that time, the control of zinc to 
0.6 per cent presented no problem to the 
secondary alloy producers. However, the 
increased use of aluminum alloys with 
high zinc content (75S) and their return 
to the scrap market changed this picture, 
so that in 1949 the secondary alloy 
producers were having difficulty in 
meeting the 0.6 per cent zinc limit 
without increasing the cost of the alloy. 

Discussion of the proposal to raise the 
zinc limit brought out two pertinent 
facts: (1) data were not available which 
showed that an increase to the proposed 
1.0 per cent zinc limit would not be 
harmful to the mechanical properties 
of the SC84A alloy, and (2) a change 
in the requirements for SC84A would 
not be a complete solution to the problem 
unless Specification AXS-679 could be 
modified in a like manner. 

The discussion led to the establishment 
of a task group charged with performing 
tests to determine the effect of increased 
zinc content on the mechanical properties 


11949 Book of ASTM Standards, Part 2; Revision 
appears in 1952 Book of ASTM Standards, Part 2. 
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of the alloy. The findings of this task 
group were to be used to decide the 
advisability of raising the zinc limit in 
the SC84A alloy with the hope that this 
move by the ASTM would be followed 
by revision of AXS-679 by the Ordnance 
Corps. This report describes the work 
and findings of the task group. 

It was decided that SC84<A alloy hav- 
ing five levels of zinc content should be 
studied and that, in order to rule out 
any effects due to variations in other 
alloying elements or impurities, all 
metal used in the test should come from 
a common heat. 

The five zinc contents chosen for 
study were 0.25, 0.50, 1.0, 1.5, and 2.0 
per cent. The 0.25 per cent zinc content 
was included in the work specifically 
to study the effects of so-called “high 
purity,” whereas the 2.0 per cent content 
was included to have a composition well 
outside the range in question in order 
to establish any trend that might 
develop. 

By referring to Fig. 1, the test pro- 
cedure can be visualized. A special heat 
of 4500-lb SC84A alloy was melted by 
the Apex Smelting Co. This heat had 
the following nominal composition: Zn 
0.20, Cu 3.50, Si 8.20, Fe 0.45, Mn 
0.40, Mg 0.02, Ni 0.20, and Sn 0.01 
per cent. 

Nine hundred pounds of this composi- 
tion were tapped off to the three casters, 
and zinc was added to the remainder 
to bring the zinc content up to 0.50 
per cent where 900 lb were again tapped 


e of 
be 
= he 
Wi 
B 
Cc 
D 
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off. The other three zinc content alloys 
were prepared in a like manner by addi- 
tion of zinc to the remaining master 
heat. 

Each of the five lots of 900 lb of ingot 
was divided into three lots of 300 lb 
each and sent to the three die casters, 
Bell Telephone Laboratories, Precision 
Casting Co., and Stewart Die Casting 
Division of Stewart Warner Corp. 

Each die caster made 100 test bars 
from each of the lots of ingot, exercising 


WHO EACH CAST als 
100 BARS MARKED ——~ 


ALL BARS SENT TO 


INGOT SENT TO 
casters ——-A_ 8 
1 


LasoRaToRY 


All of the bars were stamped with a 
code to identify producer and zinc content 
and were forwarded to Frankford Arsenal 
for distribution. In all 1500 bars were 
received—100 bars X 3 casters X 5 zinc 
levels. In the coding system the letters 
indicated producers and the numbers 
1 to 5 indicated the respective zinc 
contents. 

- Of each 100 bars received for tests, 
55 were retained for possible future 
tests and 45 were distributed, 15 each 


LABORATORIES X-FRANKFORD ARSENAL 
Y- AMERICAN SMELTING @ REFINING CO 
Z-ALCOA 


WHICH RETAINS 55 @ DIST wo 


TO LABORATORIES Y ZX YZKY2Z 
FOR TEST 


Fic. 1.—Flow Chart for Investigation of Effect of Zinc on SC84A Alloy. 


caution to prevent contamination of any 
of the lots and to hold casting conditions 
as constant as possible throughout all 
of the casting runs. 

The casting conditions used were as 
follows: 


Producer Producer Producer C 


Calculated 
pressure..... 6000 psi 16 600 psi 4500 psi 
Plunger speed. 180-200 ft 300 ft per 200 ft per 
per min min min 
Metal tempera- 
ture (pot)... 1175 F 1220 F 1200 F 
Die tempera- 
eee 400 F 440 F 275 to 300 F 


to the American Smelting and Refining 
Co., Aluminum Company of America, 
and Frankford Arsenal for mechanical 
tests and chemical analysis. 

Chemical analysis was made for each 
lot from a composite sample drilled from 
the broken ends of four test bars from 
each lot of 15. Mechanical tests were 
made in accordance with ASTM stand- 
ards and included determination of 
0.2 per cent offset yield strength, tensile 
strength, and per cent of elongation. 


| 
Slo 2.0% 2m 
A 8B Cc A 6 ¢ A 8B ¢ 
SAME TESTS AS FOR 25% ZINC ALLOY 
1 
) 
1 


TABLE I—SUMMARY OF MECHANICAL TEST DATA OF SC84A ALLOY TEST BARS. 


Fic. 2.—Effect of Zinc on Mechanical Properties of SC84A Alloy. 
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YIELD STRENGTH pei TENSILE STRENGTH pei BLowGatT 
Labi lad Averare Lad lead Average bx bY Average 
19500-19800 19400 41100 40600 40100 40600 3.4 3.1 3.3 3.3 
18700 19200 18400 18800 39200 39800 40900 40000 3.3 3.4 3.6 3.4 
18800 «18000-18400 39400 39800 39400 39500 3.0 3.3 3.0 3.1 
4-4 18900 20900 «18100 -19300 42100 43200 40200 41800 4.5 4.0 3.2 3.0 
4-5 19500 20190 19200 19600 41100 43900 = 42500» 42500 3.8 4.0 3.6 3.8 
Bel 19900 21100 19400 20100 43100 42200 44600 43300 3.3 3.6 4.4 3.8 
Baz 20500 19100 19500 43400 42500 44500 43500 3.8 3.8 4.5 4.0 
BS 19400 20800 19200 19800 43900 43000 44100 43700 4.1 48 4.2 
Bt 19600 21000 19000 42900 42400 43200 3.7 3.3 4.2 3.7 
BS 19000 20600 19200 19600 43100 42900 43700 43200 4.0 3.7 4.5 4.1 
Cel 21000 21800 22600 21800 40400 40400 42900 41200 3.1 3.2 3.4 3.2 
C2 21900 22100 21700 21900 42200 40200 41000 41100 3.4 2.9 3.0 3.1 
21200 «22900» 21900 22000 42300 41600 43800 42600 4.1 3.0 4.2 3.8 
C-4 20900 22100 20900 21300 41400 40200 43200 «= 41600 3.9 3.8 4.1 3.9 
C-5 20700 22000 21200 21300 42500 41000 42700 42000 4.2 3.9 3.9 4.0 
TRENGTE pei TENSILE STRENGTH pei % ELONGATION 
2% Zn 20800 20% 41700 2H in 304 
Grand 50% Zn 20100 41600 Zn 3.5 
1.0% 20100 1.0% 2m 41900 1.0% 2m 3.7 
Average 1.5%in 20200 1.5%2Zn 42100 3.8 
2.0% 2m 20200 2.0% 42600 2.0%2%n 4.0 
4=PRODUCER A 
x= PRODUCER 
O=PRODUCER 
= AVERAGE 
TENSILE 
STRENGTH 
— 
40 
a 
8 YIELO 
STRENGTH 
P 
= ELONGATION 
LONGA’ 
| 
26 
a 
.26 1.0 20 25 
ZING 
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The results of the chemical tests 
showed that there had been no cantami- 
nation of any kind and that the composi- 
tions of the lots were extremely uniform. 
The zinc levels actually used as deter- 
mined by these analyses were 0.20, 
0.55, 1.03, 1.52, and 1.95 per cent. 
Other elements found were in the 
amounts previously reported. 

The results of the mechanical tests 
are shown in tabulated form in Table I 
and in graphical form in Fig. 2. In Table 
I, each of the values in columns headed 
“Lab X,” “Lab Y,” and “Lab Z” is 
the average of the 15 tests performed at 
that laboratory. In several instances, 
however, test bars with visible defects 
at fracture were not included in the 
average. The values in columns headed 
‘Average’ are the averages of the three 
laboratories for each producer; “Grand 
Average” is the average value for all 
casters and all laboratories. 

In Table I the average values for each 
producer as well as the grand average 
for all producers have been plotted for 
each of the five zinc levels. 

Examination of these data shows that 
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any change in zinc content from 0.20 
to 2.0 per cent in the SC84A alloy has 
no effect on the mechanical properties 
with the possible exception of a slight 
rise in ductility. 

On the basis of data presented, an 
increase in the zinc content of the SC84A 
die casting alloy from 0.6 to 1.0 per cent 
will not be detrimental to the mechanical 
properties of the alloy. 


Respectfully submitted by Task 
Group: 
D. H. Kleppinger, chairman. 

W. Babington, 
D. L. Colwell, 
M. H. Jameson, 

* B. E. Sandell, 
A. E. Martin, and 
R. A. Quadt. 


Note.—Since this report was presented to 
Subcommittee I, the recommendation to raise 
the zinc limit from 0.6 to 1.0 per cent in the 
SC84A composition has been carried out, and 
the Ordnance Corps has superseded the Specifi- 
cation AXS-679 by Composition 10 of Federal 
Specification QQ-A-591a in which the zinc limit 
is set at 1.0 per cent. 


* Deceased. 
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Committee B-7 on Light Metals and 
Alloys held two meetings during the 
year: one at New York, N. Y., in June, 
1952, and one in Detroit, Mich., in 
March, 1953. 


, The committee consists of 91 mem- 
bers, of whom 88 are voting members; 
} 44 are classified as producers, 30 as 
consumers, and 17 as general interest 
} members. 


Fred Keller was appointed chairman 
of Subcommittee VI on Anodic Oxida- 
tion of Aluminum and Magnesium 
Alloys and L. H. Adam was appointed 


Committee B-7 representative on the 
Advisory Committee on Corrosion, re- 
placing J. D. Edwards, who resigned 
: these assignments because of ill health. 


REVISION OF TENTATIVES 
The committee recommends that the 
] following 14 tentatives be revised as 
set forth in the Appendix of this report:' 
Tentative S pecifications for: 


Magnesium-Base Alloy Sand Castings (B 80 - 


51 T), 
Magnesium-Base Alloy Bars, Rods, and Shapes 
(B 107 — 49 T), 
Aluminum and Aluminum-Alloy Sheet and 


Plate for Pressure Vessel Applications (B 178 - 

52T), 

Aluminum and Aluminum-Alloy 

ba Plate (B 209 - 52 T), 

Aluminum-Alloy 
(B 210-52 T), 

Aluminum and Aluminum-Alloy Bars, Rods, 
and Wire (B 211 - 52 T), 

Magnesium-Base Alloy Extruded Round Tubes 
(B 217 - 49 T), 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 
1 See p. 219. 
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Aluminum and Aluminum-Alloy Extruded 
Bars, Rods, and Shapes (B 221 - 52 T), 

Aluminum-Alloy Drawn Seamless Tubes for 
Condensers and Heat Exchangers (B 234 - 
50 T), 

Aluminum-Alloy 

Aluminum-Alloy Pipe (B 241 - 50 T), 

Aluminum and Aluminum-Alloy Bars, Rods, 
and Shapes for Pressure Vessel Applications 
(B 273 — 52 T), and 

Aluminum and Aluminum-Alloy Pipe and Tube 
for Pressure Vessel Applications (B 274- 
52 T). 


Extruded Tubes (B 235- 


Tentative Recommended Practice for: 


Codification of Light Metals and Alloys, Cast 
and Wrought (B 275 - 52 T). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following three tentative specifications, 
which have stood for two years or more 
without revision, be continued as tenta- 
tive because it is anticipated that new 
alloys will be added to the specifications: 


Tentative Specifications for: 

Magnesium-Base Alloy Sheet (B 90-51 T), 

Magnesium-Base Alloy Forgings (B 91-49 T), 
and 

Magnesium-Base Alloy Permanent Mold Cast- 
ings (B 199-51 T). 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Specifications for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent 
Mold Castings (B179=-51T) be ap- 
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proved for reference to letter ballot of 
the Society for adoption as standard 
without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum and 
Aluminum Alloy Ingots (R. A. Quadt, 
chairman) was inactive during the past 
year, but recommends that Tentative 
Specifications for Aluminum-Base Alloys 
in Ingot Form for Sand Castings, Die 
Castings, and Permanent Mold Castings 
(B 179-51 T) be adopted as standard 
without revision. 

Subcommittee II on Aluminum Alloy 
Castings (D. L. Colwell, chairman) is 
considering revision of Tentative Speci- 
fications for Aluminum-Base Alloy Sand 
Castings (B 26-52T) and Tentative 
Specifications for Aluminum-Base Alloy 
Permanent Mold Castings (B 108-52 
T) to add minimum yield strength re- 
quirements for use when required for 
such applications as pressure vessels. 

Subcommittee III on Wrought Alumi- 
num and Wrought Aluminum Alloys 
(P. V. Faragher, chairman) prepared 
revisions of Tentative Specifications 
B 178-52T, B209-52T, B 210-52 
T, B211-52T, B221-52T, B234- 
50 T, B 235-52 T, B 241-50 T, B 273 
—52T, and B 274-52T, as set forth 
in the Appendix to this report, and is 
preparing a revision of Tentative Speci- 
fications for Aluminum Bars for Elec- 
trical Purposes (Bus Bars) (B 236 - 52 
T). Also under preparation are specifi- 
cations for other forms of bus conductors 
and specifications for Aluminum-Alloy 
Standard Structural Shapes. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


(A. A. Moore, chairman) prepared re- 
visions of Tentative Specifications B 
80-51 T, B 107-49 T, and B 217 - 49 
T, as set forth in the Appendix to this 
report, and is cooperating with the 
American Foundrymen’s Society in pre- 
paring a tabulation of the properties 
and characteristics of magnesium casting 
alloys for a future revision of Tentative 
Specifications for Magnesium-Base Alloy 
Sand Castings (B 80-51 T). 

Subcommittee V on Testing Light 
Metals (R. L. Templin, chairman) is 
continuing to investigate statistical sam- 
pling methods as applied to testing for 
mechanical properties, but is experienc- 
ing difficulty in establishing lot sizes 
to be used in defining a statistically 
satisfactory sampling method for the 
frequency of mechanical testing require- 
ments of the specifications under the 
jurisdiction of Committee B-7. 

Subcommitiee VI on Anodic Oxidation 
of Aluminum and Magnesium Alloys 
(Fred Keller, chairman) changed the 
name and scope of the subcommittee 
to include anodic oxidation of magne- 
sium alloys. Progress is being made on 
developing specifications for anodic coat- 
ings for various applications and of 
engineering data on the characteristics 
affecting the performance of anodic coat- 
ings on the various aluminum alloys 
and products. 

Subcommittee VII on Codification of 
Light Metals and Alloys, Cast and Wrought 
(R. B. Smith, chairman) prepared the 
revision of Tentative Recommended 
Practice for Codification of Light Metals 
and Alloys, Cast and Wrought (B 275 - 
52 T), set forth in the Appendix to this 
report. B275 is now being used to 
establish the alloy designations in all 
Committee B-6 specifications for die- 
cast metals and alloys, some of which are 


not light metals and alloys. Further 


work on codification of tempers is in 
progress. 


— 


| 
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Subcommittee VIII on Atmospheric 
Exposure Tests (L. H. Adam, chairman) 
has test specimens of 27 aluminum and 
8 magnesium alloys installed at three 
of the five Society atmospheric exposure 
test sites: for one year on top of the Port 
of Authority Building, New York City, 
for industrial atmospheric conditions; 
for one year at State College, Pa., for 
rural; and for 6 months at Kure Beach, 
N. C., for Atlantic Coast Marine. Ar- 
rangements have been made for erection 
of specimens at Point Reyes, California, 
for Pacific Coast Marine atmospheric 
conditions, but the Gulf Coast Marine 
site at Freeport, Tex., requires racks 
before specimens can be placed on test. 


A paper on Atmospheric Exposure of 


Light Metals and Alloys is appended 
to this report.* 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 90 members; 66 members re- 
turned their ballots, of whom 64 have 
voted affirmatively and 0 negatively. 


Respectfuliy submitted on behalf of 
the committee, 
I. V. WILLIAMs, 
Chairman. 
R. B. Situ, 
Secretary. 


3 See p. 227. 
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RE C OMME NDATIONS AFF ECTING 


AND ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering light metals and alloys which 
are referred to earlier in this report. 
The standards appear in their present 


APPENDIX 


TABLE I.—CHEMICAL REQUIREMENTS. 


STANDARDS FOR LIGHT METALS 


ZK61A as shown in the accompanying 
Table I. 

Table I].—Delete the minimum elon- 
gation requirement of 4 per cent for 
alloy AZ91C-F and add requirements 


| 


|Manga- lous Other 
Alumi Silicon, Copper, | Nickel, a 
Allo Magnesium,| num, Zinc, Zirconium, | max., | max.,. max., 
y per cent per per ° per cent per cent per cent per per per max. 
cent cout | cent cent cent per cent 
EK30A remainder 0.3 max. 2.5 to 4.0 | 0.2 min 0.10 0.01 0.3 
EK41A remainder 0.3 max. 3.0 to 5.0 | 0.40 to 1.0 0.10 0.01 0.3 
EZ33A remainder 2.0 to 4.0 | 2.5 to 4.0 | 0.50 to 1.0 0.10 0.01 0.3 
eee remainder 3.6 to 5.5 Sym 0.50 to 1.0 0.10 0.01 0.3 
ZK61A ..! remainder 5.5 to 6.5 0.60 to 1.0 0.10 0.01 0.3 
TABLE II.—TENSILE REQUIREMENTS 
Tensile trengt jongation 
Alloy Condition Strength, 
offset), per cent 
min., psi 
-T6 (solution heat treated and artificially aged) 18 000 14 000 1 
-TS (artificially aged only) 20 000 14 000 
-T6 (solution heat treated and artificially aged) 22 000 16 000 1 
-TS (artificially aged on iy) 18 000 14 000 1 
SR -TS (artificially aged only) 34 000 20 000 5 
ZK61A ..............| -T6 (solution heat treated and artificially aged) 40 000 25 000 5 


form in the 1952 Book of ASTM Stand- 
ards, Part 2. 
REVISIONS OF TENTATIVE 
SPECIFICATIONS 

The committee recommends that the 
following 13 tentative specifications be 
revised as indicated below and continued 
as tentative. 


Specifications for Magnesium-Base Al- 
loy Sand Castings (B 80 - 51 T): 


Table I.—Add requirements for alloys 
EK30A, EK41A, EZ33A, ZK51A, and 
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for alloys EK30A, EK41A, EZ33A, 
ZK51A, and ZK61A as shown in the 
accompanying Table II. 

Table III.—Add alloys EK30A, 
EK41A, EZ33A, ZK51A, and ZK61A as 
shown in the accompanying Table III. 

Explanatory Notes. Note 1.—Add the 
following: 

Alloy EK30A.—This alloy has a specific 
gravity of about 1.79. It is used in the heat 
treated and aged condition. It is recommended 

. for use at elevated temperatures, especially in 
the range of 300 to 500 F. This alloy will produce 
sound for tightness. 


— 
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Alloy EK41A.—This alloy has a specific 
gravity of about 1.81. It is used in the heat 
treated and aged and artificially aged conditions. 
It is recommended for use at elevated tempera- 
tures, especially in the range of 300 to 500 F. 
This alloy will produce sound castings for pres- 
sure tightness. 

Alloy EZ33A.—This alloy has a specific grav- 
ity of about 1.84. It is used in the artificially 
aged condition. It is recommended for use at 
elevated temperatures, especially in the range 
of 300 to 500 F. This alloy will produce sound 
castings for pressure tightness. 

Alloy ZK51A.—This alloy has a specific 
gravity of about 1.83. It is used in the artificially 
aged condition. This alloy produces castings 
combining a high yield strength with good elon- 
gation. 

Alloy ZK61A.—This alloy has a specific 
gravity of about 1.83. It is used in the solution 
heat treated and artificially aged condition. This 
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“Permissible Variations in Cross-Sec- 
tional Dimensions of Alloys AZ31B, 
AZ61A, AZ80A, and M1A.” 

New Table—Add a new Table IV 
titled “Permissible Variations in Cross- 
Sectional Dimensions of Alloy ZK60A” 
to read as shown in the accompanying 
Table V, renumbering subsequent tables 
accordingly. 

Section 8.—Revise to read as follows: 


8. Sampling.—From material having a nomi- 
nal weight of less than 1 Ib per lineal ft, one 
tension-test sample shall be selected by the 
Inspector from each lot weighing 500 lb or less; 
from lots weighing more than 500 Ib, one addi- 
tional sample shall be taken for each 1,000 lb 
or fraction thereof in excess of the first 500 Ib. 
For material having a nominal weight of 1 lb 


TABLE III. 


-T5 (artificially aged only 


-TS (artificially aged only) 
-TS (artificially aged only) 


-T6 (solution heat pa a and artificially aged) 
-T6 (solution heat one, and artificially aged) 


-T6 (solution heat treated and artificially aged) 
-T6 (solution heat treated and artificially aged) 


| 
Unit De- 
Typical Strength formation 
“or in. per. in. 
Minimum offset) of gage 
min., psi. | length 
minimum 14 000 0.0042 
minimum 14 000 0.0042 
>| minimum 16 000 0.0045 
minimum 14 000 0.0042 
minimum 20 000 0.0051 
minimum 25 000 0.0058 
typical 28 000 0.0063 


alloy produces castings of highest strength-to- 
weight ratio and good elongation. 


Specifications for Magnesium-Base Al- 
loy Bars, Rods, and Shapes (B 107 - 
49 T): 


Section 1.—Revise to read: ‘These 
specifications cover commercial mag- 
nesium-base alloy extruded bars, rods, 
and shapes of the compositions given 
in Table I.*” 

Table I.—Delete note a and add re- 
quirements for alloy ZK60A as follows: 
Magnesium, per cent.............. remainder 
4.8 to 6.2 
Zirconium, min, per cent........... 0.45 
Other Impurities, max, per cent .. 

Table II.—Revise to read as shown 
in the accompanying Table IV. 

Table III.—Revise title to read: 


or more per lineal ft, one tension-test sample 
shall be taken from each lot consisting of 500 ft, 
or less; from lots consisting of more than 500 
ft, one additional sample shall be taken from 
each 1,000 ft or fraction thereof in excess of the 
first 500 ft. 


Section 11. (a)—Revise to read: ‘“‘Vari- 
ations from the specified cross-sectional 
dimensions shall not exceed the amounts 
prescribed in Tables III and IV”. 

Section 11. (b)—Revise to read: “Bars 
and shapes shall not deviate from 
straight by an amount greater than per- 
mitted in Tables V and VI’. 

Table IV.—Renumber as Table V and 
move note 6 from last line in third 
column to after the word “length” in 
heading of third column. Revise note } 
to read: ““Measured over 5 ft of length.” 
Explanatory Notes. Note 1.—Delete 


EK30A........ 
ZK6IA........ 


RECOMMENDATIONS ON STANDARDS FOR LIGHT METALS AND ALLOYS 


alloy AZ80A and the sentence pertaining 
to it, and add the following: 


Alloy ZK60A.—This alloy combines high 
tensile strength with good ductility and has the 
highest compressive yield strength of any of the 
extrusion alloys. Minimum compressive yield 
strength values that can be met are given in 
Table VIII. 


Explanatory Noles. Note 2.—In last 
sentence change “Table VII” to “Table 
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d to read “0.40” per cent, and of “0.60” : 
in note f to read “0.7” per cent. . 

Table II.—Add requirements for alloy 
GR40A as shown in wool 
Table IX. 

Table IV.—Revise title to read: “Per- 
missible Variations in Thickness of 
Alloys GR20A, GR40A, GS11A, Clad 
GS11A, MG11A, and Clad MG11A 
Flat Sheet, Coiled Sheet, and Plate, 


x.” Plus or Minus, in.” 
TABLE IV.—TENSILE REQUIREMENTS. 
| Toss- trengt longation 
Alloy and Besa Diameter or | Sectional —_ | (0.2 per in 2 in., 
Temper Thickness, in. | Area, | gent min., 
sq. in. | Offset), per cent 
| | min., psi. 
0.249 and under All 33 000 20 000 7 
AZ31B-F. ead Bars, Rods, and Shapes { 0.250 to 2.499 All 32 000 | 20 000 7 
Hollow Shapes i All | 32 000 16 000 8 
0.249 and under Al | 8 
AZ61A-F . — Bars, Rods, and Shapes { 0.250 to 2.499 All 39 000 24000 | 389 
| Hollow Shapes : All All 36 000 16 000 i 
0.249 and under All 43 000 28 000 | 9 
AZ80A-F.. ....| Bars, Rods, and Shapes 0.250 to 1.499 All 43 000 28 000 8 
1.500 to 2.499 | All 43 000 28 000 6 
0.249 and under All 47 000 30 000 q 
AZ80A-TS1..... Bars, Rods, and Shapes 0.250 to 1.499 All 47 000 32 000 3 
1.500 to 2.499 All 47000 | 32 000 2 
0.249 and under All 30 000 S 2 
Bars, Rods, and Shapes 0.250 to 1.499 All 32 000 e 3 
1.500 to 2.499 All 32 000 
|| Hollow Shapes All All 28 000 | a 2 
Bars, Rods, and Shapes All up through 43 000 31 000 5 
ZKOOA-F...... { Hollow Shapes All PS All 40 000 28 000 5 
Bars, Rods, and Shapes « All u teats | 45 000 36 000 4 
ZK6OA-TS.....{| Hollow Shapes All PS All| 46000 | 38 000 4 


* Not Required. 


New Table—Add a new Table VIII 
in Explanatory Notes to read as shown 
in the accompanying Table VI. 

Table VII.—Renumber as Table IX 
and add alloy ZK60A as shown in the 
accompanying Table VII. 


Specifications for Aluminum and Alumi- 
num-Alloy Sheet and Plate for Pres- 
sure Vessel Applications (B 178- 
52T): 

_ Table I.—Revise to read as shown in 

the accompanying Table VIII. Revise 

the iron plus silicon limit of ‘0.4” in note 


| 


Specifications for Aluminum-Alloy Sheet 
and Plate (B 209-52 T): 


Table I.—For the cladding of alloy 
Clad ZG62A revise the zinc range of 
“0.75 to 1.25” to read “0.8 to 1.3” 
per cent. For all alloys revise the lim- 
its in the table and notes to express 
values of 0.50 and less to two dig- 
its to the right of the decimal point, 
and values of greater than 0.50 to one 
digit to the right of the decimal point. 

Table II.—For alloy M1A-H14 revise 
the tensile strength requirement of 


| 

| 
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TABLE V.—PERMISSIBLE VARIATIONS IN CROSS-SECTIONAL DIMENSIONS OF ALLOY ZK60A. 


Column Foot note c Foot note b 4,5,6,or7 


Foot note c 


tf tt 


Permissible Variations, plus or minus, in.* 


Metal Dimensions Space Dimensions 
| Permissible Variations from Permissible Variations from Specified Dimension 
Specified Dimensions Where All of Where Any Part of the Pimension 
Ordered the Dimension Is Metal Is Space”: ¢ 
Wall Thjck- | 
| ness At At _ At At 
All Exe Those Dimensioned _Dimensioned Dimensioned 
| Points 14 to 54 Points 54 to1%! 45 246 in Points 2% in. 
y jin., excl., from in., excl., from from’ | More from 
Guar tia. Base of Leg _ Base of Leg Hess of Leg Base of Leg 
| centricity) 
| Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 
wer" | 
W/ | W/ 
up | is 20.1) is 40.1 AS | Bs Af BS Af BS Af BS 
hru | Thru and 
| 20.0 | 40.0 up 
Up through 0.124! 0.006 | 0.010 | 0.016 0.010 | 0.014 | 0.012| ¢* | 0.014 e 0.016 | e 
0.125- 0.249 0.007 | 0.010 | 0.016 0.012 | 0.015 | 0.014 | 0.023 | 0.016 e 0.020! ¢ 
0.250- 0.499 0.008 | 0.010 | 0.016 0.014 0.016 | 0.016 | 0.024 | 0.018 | 0.040 | 0.022 ° 
0.500- 0.749 0.009 | 0.010 | 0.016 0.016 0.017 | 0.018 | 0.025 | 0.020 | 0.041 | 0.026 ° 
0.750- 0.999 0.010 | 0.010 | 0.016 | 0.018 | 0.018 | 0.020 | 0.026 | 0.022 | 0.042 | 0.030 e 
1.000— 1.499 0.012 | 0.012 | 0.016 | 10 per cent | 0.020 | 0.020 | 0.022 0.028 | 0.026 | 0.044 | 0.034 | 0.066 
1.500- 1.999 0.016 | 0.016 | 0.016 | max. 0.060 | 0.024 | 0.024 | 0.028 | 0.032 | 0.034 | 0.048 | 0.050 | 0.070 
} 2.000- 3.999 0.024 | 0.024 | 0.024 | min. 0.010 | 0.032 | 0.032 | 0.036 | 0.040 | 0.048 | 0.056 | 0. 0.076 
4.000- 5.999 0.034 | 0.034 | 0.034 0.042 | 0.042 . 0.050 | 0.050 | 0.064 0.064 | 0.088 | 0.088 
6.000- 7.999 0.044 | 0.044 0.044 0.054 | 0.054 | 0.062 | 0.062 | 0.082 | 0.082 | 0.112 | 0.112 
8.000- 9.999 0.054 | 0.054 | 0.054 0.064 | 0.064 | 0.074 | 0.074 | 0.100 | 0.100 | 0.136 | 0.136 
0.000-11.999 0.064 | 0.064 0.064 0.074 0.074 | 0.088 | 0.088 0.116 0.116 | 0.160 | 0.160 
12.000-13.999 0.074 | 0.074 | 0.074 0.084 | 0.084 0.100 0.100 | 0.134 | 0.134 | 0.184 | 0.184 
14. 000-14. 999 0.080 | 0.080 | 0.080 | 0.090 |; 0.090 | 0.106 | 0.106 | 0.142 | 0.142 | 0.196 | 0.196 
; * The tolerance applicable to a dimension composed of two or more comp t di ions is the sum of the tolerances 
than in bo of leg, the 2A are applicable. 
4 in. 
© Where the space is completely enclosed (hollow shapes), the tolerances in column 2 are applicable for dimensions 
PP’ 


that, can be taken completely over solid metal. E 
Where the dimensions specified are outside and inside, rather than the wall thickness itself, tolerance on wall thick- 
a be plus or minus 10 per cent of mean wall thickness, maximum plus or minus 0.060, minimum plus or minus 
0.010. 

© Tolerance to be as agreed upon between customer and producer. F 
' J Where projecting elements involved are less than 0.250 in. thick and have a width-thickness ratio greater than 8, 
use the B column in columns 4 through 7; otherwise, use the A columns. 

Intermediate dimensions shall be rounded off to the third decimal place in accordance with the Tentative Recom- 
mended Practices for Designating Significant Places in Specified Limiting Values (ASTM Designation: E 29) 1952 Book 
of ASTM Standards, Part 2. : 

” W and T are defined as the width and thickness respectively of an element of a section. Fig. 1 shows examples of 
W and T for various elements. 
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14 
(Average) 
Wi 
Fic. 1. 
TABLE than 0.50 to one digit to the right of the 
decimal point. 
| «LSB Table II.—For alloy M1A-H14 revise 
Alloy and by the tensile strength requirement of 
19,500 min” to read “20,000 min”’ psi. 
oOo” 
Bars, Rods, | Less than 2.0| 27 000 ‘Specifications for Aluminum and Alu- 
ZKOOA-F. | minum-Alloy Bars, Rods and Wire 
Hollow S 20 000 
Less than 2.0 30 00 (B 211-52 T): 
| 2.0 to 2. 
$0 to 4. 25 000 Table I.—For all alloys revise the lim- 
| Hollow say 26 9 its to express values of 0.50 and less 
to two digits to the right of the decimal 
TABLE VII. point, and values greater than 0.50 to 
— one digit to the right of the decimal 
Yield Strength | Unit Deforma- point. 
Alloy and Temper 
Specifications for Magnesium-Base Al- 
loy Extruded Round Tubes (B 217 - 
0.0063 49 T): 
ZKOOA-TS...........4] Ooo 


“19,500 min’ to read ‘20,000 min’’ psi. 
Delete the last sentence in note f. 


Specifications for Aluminum-Alloy 
Drawn Seamless Tubes (B 210- 
§2 T): 

Table I.—For all alloys revise the 
limits to express values of 0.50 and 
less to two digits to the right of the 
decimal and values greater 


Section 1.—Revise to read as follows: 

1. These specifications cover com- 
mercial magnesium-base alloy extruded 
tubes of the compositions given in 
Table 1. 

Table I.—Delete note a and alloy 
AZ80A and all requirements pertaining 
to it. Add requirements for alloy ZK60A 
as follows: 


Magnesium, per cent.............. 
Zirconium, min., per cent 
Other Impurities, max., 


4.8to 6.2 


= _| 


| 
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TABLE VIII.—CHEMICAL REQUIREMENTS. 


Magne- 
sium, 


cent 


Manga- 
Alloy? Aluminum, |Copper, Silicon, nese, 
percent (per cent cent cent = 

99.0 min.” | 0.20 | 0.10 
remainder | 0.25 | 0.8 0.50 0.15 

remainder | 0.10 0.10 

remainder | 0.10 0.10 

remainder | 0.15 to 0.7 | 0.40 to) 0.15 

0.40 | | 0.8 
{Core.........| remainder | 0.15 to} 0.7 | 0.40 to) 0.15 
Clad} | 0.40 | 0.8 

GS11A | Cladding..... . remainder | 0.10 f 0.10 
MIA..................| remainder | 0.20 | 0.7 0.6 
se icensios remainder | 0.20 | 0.7 0.6 1.0 to 

Clad } 1.5 
MIA | ....| remainder | 0.10 | / f 0.10 
kok remainder | 0.20 | 0.7 0.30 | 
remainder 0.20 | 0.7 0.30 1.0 to 
MGI1A Cla ng remainder | 0.10 f f | 0.10 


| Zine, | Chro- 
cent cent 
0.10 
to 0.25 | 0.10 
to | 0.20 | 0.15 to 
8 0 
> 0.20 | 0.15 to 
‘to | 0.20 | 0.15 to 
to 0.20 | 0.15 to 
2 
0.8 to 
1.3 
0.10 
0.10 
0.8 to 
1.3 
to | 0.10 
to 0.10 
0.8 to 
1.3 


mium, ium, 


Other 
Elements, 
per cent 


Each | Total 


Table II.—Delete alloy AZ80A and 
all requirements pertaining to it. Add 
requirements for alloy ZK60A as shown 
in the accompanying Table X. 

Table V.—Add alloy ZK60A as shown 
in the accompanying Table XI. 


Specifications for Aluminum and Alu- 
minum-Alloy Extruded Bars, Rods, 
and Shapes (B 221-52 T): 


Table I.—For all alloys revise the lim- 
its to express values of 0.50 and less to 
two digits to the right of the decimal 
point, and values greater than 0.50 to 
one digit to the right of the decimal 
point. 

Specifications for Aluminum-Alloy 
Drawn Seamless Tubes for Conden- 
sers and Heat Exchangers (B 234 - 
50 T): 


Table I—For the coating of alloy 
Clad M1A revise the zinc range of “0.75 
to 1.25” to read “0.8 to 1.3” per cent. 
For all alloys revise the limits in the 
table and notes to express values of 0.50 
and less to two digits to the right of 


TABLE IX.—TENSILE REQUIREMENTS. 


| 
to longa- 
| | tion in 
Temper Thickness, in. | ne s& | 2in., 
| | min., 
per cent 
| & 
Attoy GR40A 
11000| 18 
26 000 8 
29 000 6 
11 000 8 
TABLE X.—TENSILE REQUIREMENTS 
| = | = 
3s 
ae > 
BEE [Elong- 
Alloy and |W fallthickness, aa | 
23 min., 
cat 
ZK60A-F° 0.050 to 0.250°| 40 000 | 28 000! 
ZK60A-T5°. .| 0.050 to 0.250°| 46 000 | 38 000 | 4 
TABLE XI. 


| viela Strength | Unit Deforma- 


Alloy and Temper | (92.pet cent | ton, in. per 
length 

ZK60A-TS 0.0078 


> cent 
— 
} 0.05 | 0.15 
0.05 | 0.15 
7 0.05 | 0.15 
0.05 | 0.15 
| 0.05 | 0.15 
. 0.05 | 0.15 
0.05 | 0.15 
| 0.05 0.15 
| | 0.05 0.15 
. 0.05 | 0.15 
| 1 
0.05 | 0.15 
0.15 
0.15 
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RECOMMENDATIONS ON STANDARDS FOR LicHt METALS AND ALLOYS 


the decimal point, and values of 
greater than 0.50 to one digit to the 
right of the decimal point. 


Section 6.—Revise minimum tensile 
strength requirement of “19,500” to 
read ‘20,000’ psi. 

Section 11.—Revise to read: “Each 
length of tubing 13 in. or less in diameter 
shall be subjected to an internal air 
pressure of 250 psi for 5 sec while im- 
mersed in water or other suitable liquid. 

TABLE XII.—TENSILE REQUIREMENTS. 


a 
Elonga- 
Thick- Be. tion in? 
aA £2 | in. or 
Alloy |Temper| ness, | > | Diameter 
m | 3s | | 
sé | percent 
GR40A....| Oor | All 30 000 | 11 000 
Hii2 | sizes 


Any evidence of leakage shall be cause 
for rejection.” 


Specifications for Aluminum-Alloy Ex- 
truded Tubes (B 235 - 52 T): 


Table I.—For alloy GS10A revise the 
magnesium range of “0.45 to 0.85” to 
read “0.45 to 0.9” per cent. For all al- 
loys revise the limits to express values 
of 0.50 and less to two digits to the 
right of the decimal point, and values 


greater than 0.50 to one digit to the right 


of the decimal point. 


Specifications for Aluminum-Alloy Pipe 
(B 241-50 T): 


Table I.—For all alloys revise the lim- 
its to express values of 0.50 and less to 
two digits to the right of the decimal 
point, and values greater than 0.50 to 
one digit to the right of the decimal point. 


Specifications for Aluminum and Alu- 
minum-Alloy Bars, Rods, and Shapes 
Pressure Vessel Applications (B 273 — 

§2T): 


Table I.—For all alloys revise the lim- 


its to express values of 0.50 and less to | 
two digits to the right of the decimal > 
point, and values greater than 0.50 to 
one digit to the right of the decimal 7 
point. Add requirements for alloy GR40A 

as follows: 


Aluminum, per cent............. remainder 
0.10 
c 
c 


Manganese, per cent 
Magnesium, per cent 
Chromium, per cent............. 0.15 to 0.35 
Titanium, per cent 0.20 

Other elements, each, per cent.... 0.05 

Other elements, total, per cent .. 


© Iron plus silicon shall not exceed 0.45 per cent. 


Table II.—Add requirements for alloy 


GR40A as shown in accompanying 
Table XII. 


Specifications for Aluminum and Alu- 
minum-Alloy Pipe, and Tube in 
Pressure Vessel Applications (B 274 - 
$2 T): 


Section 1.—Revise to read as follows: 


40 (standard) and 80 (extra heavy) pire and 
round tube, either drawn or extruded, of alu- 
minum and the aluminum alloys designated in 


1. These specifications cover Schedules 5, 2 
Table I. 


Note.—Aluminum alloy pipe is generally 
available only in alloys M1A, GR40A, GS10A, 
GS11A, and CG42A. 


magnesium range of “0.45 to 0.85” to 
read “0.45 to 0.9.” For the coating of 
alloy Clad M1A revise the zinc range of 
“0.75 to 1.25” to read “0.8 to 1.3” per 
cent. Revise the iron plus silicon lim- 
its of “0.60” in footnote ¢ to read “0.7” 
per cent. For all alloys revise the limits 
to express values of 0.50 and less to two 
digits to the right of the decimal point, 
and values of greater than 0.50 to one 
digit to the right of the decimal point. 


Table I.—For alloy GS10A revise ° 


 — 


Add requirements for alloy GR40A as 
follows: 


Aluminum, per cent............ remainder 
Copper, per cont............... 0.1 
a 
] _ Manganese, per cent............ 0.10 
1 Magnesium, per cent........... 3.1 to 3.9 
per . 0.20 
Chromium, per cent. 000.35 
Other elements, each, per cent... 0.05 
Other elements, total, per cent 0.15 
4 Tron plus silicon shall not exceed 0.45 per cent. 


Table II.—Add requirements for alloy 
) GR40A as shown in accompanying 
Table XIII. 
Table III.—Add requirements for 
ASA Schedules 5 and 10 as shown in the 
accompanying Table XIV. 


REVISION OF TENTATIVE RECOMMENDED 
PRACTICE 


The committee recommends that the 
following tentative recommended prac- 
tice be revised as indicated below and 
continued as tentative: 
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TABLE XIII.—TENSILE REQUIREMENTS. 


| Yield | Elongation in 


| Pipe Size, Tube Wall Tensile | in. or 4X 
Alloy Temper | in. Thickness, in. Strength on my | Diameter min, 
| All =| 0.010 to0.450 | 30 000 11 000 
H34 | 0.010 to 0.450 39 000 | 29 000 
H38 | Under 1 | — 0.010 to 0.250 4 | 34 000 


TABLE XIV.—NOMINAL DIMENSIONS AND 
WEIGHTS OF ALUMINUM- ALLOY PIPE. 


ASA Schedule 5 |ASA Schedule 10 
Size, i Wall | 1 
fe 
In, In, 
0.405 | 0.019 | 0.064 
0.540 |... 0.065 | 0.114 
0.675 0.065 | 0.146 
0.840 | 0.065 | 0.186 | 0.083 | 0.232 
1.050 | 0.065 | 0.237 | 0.083 | 0.297 
1.315 | 0.065 | 0.300) 0.109 | 0.486 
1.660 | 0.065 | 0.383 | 0.109 | 0.625 
1.900 | 0.065 | 0.441 | 0.109 | 0.721 
2.375 | 0.065 | 0.555 | 0.109 | 0.913 
2.875 | 0.083 | 0.856 | 0.120) 1.221 
3.500 | 0.083 | 1.048 | 0.120! 1.498 
4 4.000 0.083 | 1.201 | 0.120| 1.720 
4.500 | 0.083 | 1.354 | 0.120 | 1.942 
5.563 | 0.109 | 2.196 | 0.134 | 2.688 
6.625 | 0.109 | 2.624 0.134 3.213 
8.625 | 0.109 | 3.429 0.148 | 4.635 
10.750 | 0.134 | 5.256 | 0.165 | 6.453 
12. 12.750 | 0.165 | 7.672 | 0.180 | 8.359 
Alloy Conversion 

Factor 

0.98 
Recommended Practice for Codifica- 


tion of Light Metals and Alloys, Cast 

and Wrought (B 275 - 52 T): 

Table I.—Add “Y-Antimony” 
tween “T-Tin” and “Z-Zinc.” 


be 


Some of the answers to various corro- 
sion problems in connection with light 
metals, such as aluminum and magnesium 
alloys, may be better known ten years 
from now when ASTM Committee B-7’s 
Atmospheric Exposure Test is completed. 
It will take this time for the metals to 
reveal their loss in strength. In some cases, 
the material may even at first increase in 
strength due to the natural aging of the 
alloy. 

In 1941, an atmospheric exposure study 
was completed for five wrought aluminum 
alloys exposed for ten years at various 
seacoast and industrial stations. An excel- 
lent analysis of these data, together with 
other results from the Aluminum Research 
Laboratories, was given by E. H. Dix and 
R. B. Mears? at the Pittsburgh Meeting 
of the Society in 1946. However, new alloys 
and fabrication techniques were developed 
during the intervening years since the 
former program had been started, and many 
new questions in regard to their performance 
were arising. Therefore, the members of 
ASTM Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, and Com- 
mittee B-7 on Light Metals and Alloys, 
Cast and Wrought, were canvassed by a 
questionnaire on the desirability of addi- 
tional studies with light alloys. Based on 
the expressed desire of the members re- 
sponding, preliminary plans were made to 
conduct a limited study on fabricated speci- 


1 Materials Engineer, Pitman-Dunn Laboratory, 
Frankford Arsenal, Philadelphia, Pa.; Chairman of Sub- 
committee VIII, ASTM Committee B-7 on Light Metals 
and Alloys, Cast and Wrought. 

2“Symposium on Atmospheric Exposure Tests on 
Non-Ferrous Metals,’”’ Am. Soc. Testing Mats. (1946). 
(Issued as separate publication, ASTM STP No. 67.) 
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ATMOSPHERIC EXPOSURE OF LIGHT METALS — 
By L. H. 


mens. It was realized from past experience 
that too large a program would not be 
practical for a committee to handle and 
too meager a program would not warrant 
the effort. A course was laid which adhered 
to the “middle of the road” policy. Three 
definite items were to be emphasized: 

1. A study on the new alloys appearing 

in the Society’s specifications. _ 

2. A study on fabricated specimens used 

by industry. 

3. A study on casting alloys, both sand 

and permanent mold type. 

Atmospheric exposure conditions were 
to depend on the success of the Advisory 
Committee on Corrosion in obtaining 
suitable test sites. A request was made for © 
at least two marine sites, one on the West 
Coast, the other on the East Coast, as well 
as the possibilities of industrial and rural 
exposures. Recently five selected sites of 
the desired exposure conditions have ed 
established. The industrial site is located 
on the top of the Port of Authority Building 
in the center of New York City; the rural 
atmospheric site is covered by the old 
“stand-by” location at State College, Pa.; 
the East Coast site, 800 ft from the ocean, 
is at Kure Beach, N. C., under the jurisdic- 
tion of the International Nickel Co.; the 
West Coast site is located at Point Reyes, 
San Francisco, Calif.; and the third sea- 
coast site is located on land under control 
of the Corps of Engineers in the flood gate 
area at the mouth of the Brazos River in 
Freeport, ‘Tex. 

Only these standard alloys which were 
not covered in the previous program of the 
early 30’s and those alloys which appeared 
in 1947 as likely to be promising in the near 
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future are included in the present program. 
The 27 aluminum and 8 magnesium alloys 
selected are shown in Table I. The shape 
and form of materials to be investigated is 
also indicated: sheet and plate panels, 
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was in the form of 0.064 in. thick panels. 
The plate was 0.25 in. thick, made into the 
normal 4 by 8-in. exposure panels. In the 
case of welded and riveted joints, the speci- 
mens were fabricated to sizes suitable for 


TABLE I.—ATMOSPHERIC EXPOSURE TEST—ASTM COMMITTEE B-7. 


Extruded 
Shoes, on in. Plate, 0.25 in. | Bar in. by Castings 
Jesignation ame tion 
Wrovucat ALUMINUM 
3S Hu |x|..|x | 
14S T6 x 
CS4 Alclad 14S T6 x |X x |X x 
Alclad 24S T6 x 
Clad ZG62A........... Alclad 75S T6 x| xX x| X 
MAGNESIUM 
ZK60 x x 
Atuminum Castinc ALLoys 
43 F x x 
195 T6 x ea 
220 T4 
5 T6 x x 
T6 x 
Allcast T6 Xx x 
40E Ts x a 
108 F x 
Ternalloy 5 od x x 
Tenzalloy TS x 
A612 TS x 
C612 TS x 
Tenzalloy TS x 
Ternalloy 7 TS x x 
Macnesium AtLoy Castincs 
| x 
x 
T6 | x 
x 


welded and riveted specimens, as well as 
sand and permanent mold castings. This 
was a rather ambitious collection. By full 
industrial cooperation, test specimens were 
fabricated and identified. They represented 
commercial materials. The sheet material 


study. Samples of these specimens are 
shown in Figs. 1 to 23. The location of the 
spot welds and rivets will permit tension 
specimens to be taken from the exposed 
panels and the data studied at a later date. 

From the many ways of evaluating the 


— 
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ADAM ON ExposuRE OF LIGHT METALS 


Fic. 1.—Top and Bottom Surfaces of Spot-Welded AZ31A Magnesium Specimen, 0.064 in. Thick, 
After Being Exposed to Rural Atmospheric Conditions for a Six-Month Period. 
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Fic. 2.—Top and Bottom Surfaces of an Extruded ZK60A ee Panel, 0.25 in. 
Being Exposed to Rural Atmospheric Conditions for a Six-Month Per 
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Fic. 3.—Top and Bottom Surfaces of Spot-Welded M1A Magnesium Specimen, 0.064 in. Thick, 
_ After Being Exposed to Rural Atmospheric 


Conditions for a Six- 


Month Period. 
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posed to Rural Atmospheric Conditions for a Six-Month Period. 


Fic. 4.—Top and Bottom Surfaces of M1A Magnesium Panel, 0.064 i in. Thick, After Being ie 
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Fic. 5.—Top and Bottom Surfaces of a AZ31A Magnesium Panel, 0.25 in. Thick, After Being 
Exposed to Rural Atmospheric Conditions for a Six-Month Period. 


| 
‘ 


\ 


Fic. 6.—Sand-Cast AZ92A Magnesium Tension Specimen, After Being Exposed to Rural Atmos- 
pheric Conditions for a Six-Month Period. 


Fic. 7.—Top and Bottom Surfaces of an Extruded ZK60A Magnesium Panel, 0.25 in. Thick, 
After Being Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 


A 
| 


Fic. 8.—Top and Bottom Surfaces of Spot-Welded AZ31A Magnesium Specimen, 0.064 in. 
Thick, After Being Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 
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Fic. 9.—Top and Bottom Surfaces of a Riveted ZK60A Magnesium Specimen, 0.25 in. Thick, 
After Being Exposed to Industrial Atmospheric Conditions fora Six-Month Period. © 
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Fic. 10.—Top Surface of a Riveted AZ31A: Magnesium Specimen, 0.064 in. Thick, After Being 
Exposed to Rural Atmospheric Conditions for a Six-Month Period. 


« 
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Fic. 11.—Bottom Surface of a Riveted AZ31A Magnesium Specimen, 0.064 in. Thick, After 
Being Exposed to Rural Atmospheric Conditions for a Six-Month Period. 
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Fic. 12.—Top Surface of a Riveted M1A Magnesium Specimen, 0.064 in. Thick, After Being 
Exposed to Rural Atmospheric Conditions for a Six-Month Period. 
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Fic. 13.—Bottom Surface of a Riveted M1A Magnesium Specimen, 0.064 in. Thick, After Being 


Exposed to Rural Atmospheric Conditions for a Six-Month Period. 
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Fic. 14.—Top and Bottom Surfaces of a Gas-Welded GS11A Aluminum Specimen, 0.25 in. — 
Thick, After Being Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 
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effects of exposure, the change in mechani- 
cal properties was decided as meeting the 
needs of the committee. Quoting from Dix 
and Mears” analysis: “For aluminum alloys, 
changes in tensile strength resulting from 
exposure are of more value in determining 
effects of exposure than are weight changes. 
Measurement of depth of attack by the 
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for placement at the exposure sites. For 
testing for mechanical properties, tension 
specimens for the wrought materials were 
to be taken from panels and tested as out- 
lined in the Society’s methods E 8.3 The 
cast alloys were to comply with Specifica- 
tions B 26, B 80, or B 108.4 All the speci- 
mens were to be “mill condition.” No con- 


Fic. 15.—Top and Bottom Surfaces of A Spot-Welded CG42A Clad Aluminum Specimen, 0.064 


in. Thick, After Being Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 


depth gages, as was done in the ASTM 
test, give results considerably less than 
those obtained by microscopic measure- 
ments of cross-sections, hence are of very 
doubtful value.” It was therefore estab- 
lished that all specimens would be properly 
identified, their dimensions recorded, and 
then submitted to a random distribution 


sideration was to be given to supplemental 
protective finishes, as at this stage the pro- 
gram was becoming too large for the com- 


* Tentative Methods of Tension Testing of Metallic 
Materials (Designation: E 8 - 52 T), 1952 Book of ASTM 
Standards, Part 2. 

‘Specifications for aluminum-alloy sand castings 
(B 26), magnesium-alloy sand castings (B 80), and alu- 
minum-alloy permanent mold castings (B 108); 1952 Book 
of ASTM Standards, Part 2. a (ae 
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mittee to handle. Some day, particular on random distribution. Specimens have 
phases pertaining to finishes for the light now been exposed for one year at the New 
alloys will have to be studied as their York and State College sites, and at least — 
individual conditions warrant. At first the six months at the Kure Beach site. Due to 
program was rather slow in getting started delays in negotiating and erecting exposure 


; Fic. 16.—Top and Bottom Surfaces of a ZG62A Clad Aluminum Panel, 0.064 in. Thick, After Be- 
ing Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 


as specimens had to be collected and fabri- _ facilities at the Gulf Coast and West Coast 
cated under production conditions. Finally, locations, specimens have not been placed 
after four years, all specimens were gathered __in their exposure racks. It is expected that 
and identified, keeping in mind at all times _ these specimens will be in their proper loca- 
the previous warning of the statisticians: tions by the middle of 1953. : 7 
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Periodically, data collected from the 
exposed specimens are to be reported to 
Committee B-7 and the data made avail- 
able for publication. The meager data col- 


lected to date are not sufficient to warrant 
publication. 

The program undertaken by Committee 
B-7 is made possible only by the excellent 
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Fic. 17.—Top and Bottom Surfaces of a Riveted ZG62A Aluminum Specimen, 0.064 in. Thick, 
After Being Exposed to Industrial Atmospheric Conditions for a Six-Month Period. 


cooperation by participating members of 
the Society, and acknowledgment is hereby 
given to those assisting in the program, 
particularly staff members of the Pitman- 


Dunn Laboratories, Frankford Arsenal, 
where data from the tests are being cata- 
logued and control specimens maintained 
in sealed containers. 
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Fic. 18.—Top and Bottom Surfaces of an Extruded AZ80A Aluminum Panel, 0.25 in. Thick, 
After Being Exposed to Rural Atmospheric Conditions for a Period of 1 yr. 
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Fic. 19.—Top and Bottom Surfaces of M1A Magnesium Panel, 0.064 in. Thick, After Being Ex- 
posed to Rural Atmospheric Conditions for a Period of 1 yr. 
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Fic. 20.—Top and Bottom Surfaces of a Riveted M1A Magnesium Specimen, 0.064 in. Thick, 
After Being Exposed to Rural Atmospheric Conditions for a Period of 1 yr. 


= 
ta 

~ 


Report OF COMMITTEE B-7 (APPENDIX) 


Fic. 21.—Top and Bottom Surfaces of a Spot-Welded AZ31A Magnesium Specimen, 0.064 in. 
Thick, After Being Exposed to Rural Atmospheric Conditions for a Period of 1 yr. 
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Fic. 22.—Top and Bottom Surfaces of a Riveted Extruded ZK60A Magnesium Specimen, 
in. Thick, After Being Exposed to Rural Atmospheric Conditions for a Period of 1 yr. 
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Fic. 23.—Top and Bottom Surfaces of an Extruded ZK60A Magnesium Panel, 0.25 in. Thick, 
After Being Exposed to Marine Atmospheric Conditions on the Atlantic Coast for a Six-Month Period 
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Committee B-8 held two meetings 
during the year: one on November 14, 
1952, at ASTM Headquarters in Phila- 
delphia, Pa., and one in Detroit, Mich., 
on March 6, 1953. 

The membership of the committee 
now consists of 123 members, of whom 
41 are classified as producer, 13 as con- 
sumer, 58 as general interest, and 11 as 
consulting members. 

The matter of designating thickness 
values in mils rather than decimal 
inches is still under active consideration 
and is presently being resubmitted to 
the committee for letter ballot. 


New TENTATIVE 


Committee B-8 recommends that the 
Tentative Recommended Practice for 
the Preparation of Copper and Copper- 
Base Alloys for Electroplating be ac- 
cepted for publication as tentative, as 
appended hereto.' 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the fol- 
lowing two standards, and accordingly 
asks for the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in or- 
der that the revisions may be referred to 
letter ballot of the Society: 

Standard Specifications for Electro- 
deposited Coatings of Nickel and Chro- 


* Presented at the Fifty-sixth Annual Meeting of the 
Society. June 28-July 3, 1953. 

1 The new tentative was accepted by the Societ 
appears in the 1953 Supplement to Book of ASTM 
Standards, Part 2. 
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ELECTRODEPOSITED METALLIC COATINGS* 


and- 


mium on Zinc and Zinc Base Die Cast- 
ings (B 142-51)? 

Section 2.—Introduce a footnote as 
follows: “Careful preparation of the 
zinc surface is necessary in order to 
assure satisfactory deposits. For suitable 
methods see the Tentative Recom- 
mended Practice for the Preparation of 
Zinc-Base Die Castings for Plating 
(ASTM Designation: B 252).” 

Section 3—Change the minimum 
thickness of copper required in the table 
to 0.0002 in. for Types F.Z., K.Z., and 
Q.Z. 
Section 3(a).—Revise to read as fol- 
lows: “Coatings on the finished articles 
shall conform to the following require- 
ments as to thickness on significant 
surfaces.” 

Section 6.—In the last sentence add 
“visually” between “be” and “exam- 
ined.” 

Section 7.—Revise to read as follows: 


The number of test specimens to be subjected 
to each test shall be agreed upon by the manu- 
facturer and the purchaser. The thickness of 
chromium shall be determined in accordance 
with Section 8(a) and thickness of nickel and 
copper in accordance with Sections 8() or (c). 
The continuity of coating shall be determined 
in accordance with Section 9 after cut edges — 
are coated with a suitable corrosion-resistant 
paint or lacquer. 

Note.—Wherever possible, thicknesses should 
be measured by magnetic methods on the maxi- 
mum number of samples practicable since such 
measurements are non-destructive and inex- 


2 1952 Book of ASTM Standards, Part 2. 
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Recommended Practice for Preparation 
of High Carbon Steel for Electroplating 
(B 242-51)? 

Section 5(f).—Change title of Section 
5(f) to “Anodic Acid Treatment.” 

In line 2 of the first paragraph, change 
the word “etch” to “treatment.” 

In line 5 of the second paragraph, 
* change the word “etching” to “treat- 

ment.” 
In line 17 of the second paragraph, 
delete the word “etch.” 
In lines 10 and 11 of the third para- 
graph, delete the word “etching.” 
In line 13 of the third paragraph, 
. insert an asterisk after the word “mix- 
] ture” and refer to U. S. Patent 2,334,699. 


q REVISION OF TENTATIVE AND 
ADOPTION AS STANDARD 


The committee recommends the fol- 
lowing revisions in the Tentative Recom- 
mended Practice for Preparation of and 
Electroplating on Aluminum Alloys 
(B 253 — 51 T)? and also recommends its 
adoption as standard as revised: 

Section 4(b).—Add to this section the 
following: 


Recently, a modification of the zincate solu- 
tion has been developed for wrought and cast 
alloys, which in most applications gives more 
uniform and satisfactory results than the stand- 
ard zinc immersion treatment. The modified zinc 
immersion procedure® has the following ad- 
vantages: 

(1) More uniform coverage by subsequent 

plating baths, 

(2) Greater operating range for the “Double 
Immersion” surface conditioning treat- 
ment, and 

(3) Improved resistance to corrosion on all 
plated aluminum alloys except for the 
24S and 75S type alloys. 

The modified solution is prepared by dis- 
solving the zinc oxide in a sodium hydroxide 
solution in the usual way and cooling to room 
temperature. Before the bath is diluted to 
volume, a water solution of ferric chloride crys- 
tals and Rochelle salts is added. The bath 
should be stirred while the ferric chloride - Ro- 
chelle salts solution is added. The modified zinc- 
ate solution should be made up as follows: 


— 
-¢-" 
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SOLUTION Bats I 
Sodium hydroxide (com- 
mercial) (76 per cent 
Na2O) 


70 = pet gal (525 g 


per 
Zinc oxide...... 13 oz per gal (100 g 


per 
Ferric chloride crystals.. 0.13 oz per gal (1.0 g 


r 
Rochelle salts.......... 13° oz per gal (10 g 
per }) 

This bath should also be operated under 80 F 
and for immersion times on the order of 30 sec 
to 1 min. 

It is recommended that the modified zincate 
solution be utilized whenever the “double im- 
mersion” conditioning treatment is employed. 
Likewise, it will be found advantageous on all 
wrought and cast alloys, excepting of course the 
24S and 75S types for corrosion-resistant appli- 
cations. 

Another variation of the modified zinc im- 
mersion procedure® has been developed for appli- 
cations where the rinsing and drag-out are prob- 
lems. This variation consists of reducing the bath 
viscosity by lowering the concentration of the 
principal components. At the same time, a low 
coating weight must be maintained by a closer 
control of operating conditions and by addition 
agents. Two typical dilute baths, which may be 
prepared in the usual manner, are as follows: 


Bats II 
6.7 7 per gal (50 g 


per 
: per gal (5 g 


Z1nc-IMMERSION SOLUTION 
Sodium hydroxide...... 

per 
Rochelle salts.......... 6.7 oz per gal (50 g 
per | 
Ferric chloridecrystals.. 0.27 oz per gal (2 g 


per 
Sodium nitrate......... 0.13 oz per gal (1 g 
per 1) 


Z1nc-IMMERSION SOLUTION Bats III 

Sodium hydroxide...... 16.0 oz per gal (120 g 
per 1) 

Zinc oxide............. 2.7 oz per gal (20 g 
per 1) 

Rochelle salts......... 


. 6.7 oz per gal (50 g 


per 

Ferric chloride crystals. 0.27 oz per gal (2 g 
per 1) 

0.13 oz per gal (i g 
per 1) 


Sodium nitrate......... 


Bath III will provide a greater zinc reserve 
for high production work with only a small 
sacrifice in rinsing and dragout properties. 
When using these dilute solutions, the tem- 
perature must be maintained at 70 to 75 F 
and the immersion time must not exceed 30 


sec. 


Footnote 8.—Add the following foot- 
note reference: 


8 The modified zinc immersion procedures de- 
scribed are the subjects of pending patent appli- 
cations. When a U. S. patent or patents are 
issued, royalty free licenses will be granted 
thereunder. 


Footnote 9.—Add the following foot- 
note reference: 


®The modified zinc immersion procedures 
described are the subjects of pending patent 
applications. When a U. S. patent or patents are 
issued, royalty free licenses will be granted there- 
under. 


Appendix, Section A2(d).—Change last 
item to read: 
Container...... steel, lined with a suitable plastic lining, 
such as Koroseal or carbon brick; preferably a combina- 
tion of both. 

Delete footnote 8. 
a Appendix, Section A2(e).—Chahge to 
read as follows: 


(e) STANDARD ZINC-IMMERSION SOLUTION: 


Sodium hydroxide...... 70 oz per gal (525 g 
per | 

Zinc oxide. ........... 13 oz per gal (100 g 
per » 

Temperature.......... 60 to 80 r 16 to 27 C) 

steel 


MopiFiep ZINC IMMERSION SOLUTIONS: 


I 
Sodium hydroxide (com- 
mercial) (76 per cent 
| RE 70 oz per gal (525 g 
per | 
13 oz per gal (100 g 
per 1) 
Ferric chloride 
tals. . ... 0.13 oz per gal (1.0 g 
per | 
Rochelle salts......... 1.3 oz per gal (10 g 
per I) 
Temperature........... 60 to 80 F (16 to 27 C) 
steel 
II 
Sodium hydroxide..... 6.7 a. per gal (50 g 
pe 0. 67 ob per gal (5 per 
Rochelle salts......... 6). S per gal (50 g 
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Ferric chloride crys- 
0.27 oz per gal (2 g 
per | 
Sodium nitrate........ 0.13 oz per gal (1 g 
per 1) 
30 sec or less 
Temperature.......... 70 to 75 F (21 to 24 C) 
steel 
III 
Sodium hydroxide...... 16.0 s per gal (120g 
per 
2.7 oz per gal (20 g 
per 1) 
Rochelle salts......... 6.7 oz per gal (50 g 
per 1) 
Ferric chloride crys- 
Re eee 0.27 oz per gal (2 g 
per | 
Sodium nitrate........ 0.13 oz per gal (1 g 
per 
Temperature.......... 70 to to 24 C) 


REVISION OF TENTATIVES 


The committee recommends for re-— 
visions and continuation as tentative the 
following: 

Tentative Specifications for Electro- 
deposited Coatings of Nickel and Chro- 
mium on Steel (A 166 — 45 T)2 

Footnote 3.—Include in this footnote 
reference to the Recommended — 
for the Preparation of High-Carbon Steel - 
for Electroplating (ASTM Designation: 
B 242). 

Section 3.—Revise to read as follows: 
“Coatings on the finished articles shall 
conform to the following requirements 
as to thickness on significant surfaces.” 

Revise footnote b in Section 3 to 
read as follows: “The use of an extremely 
thin copper strike may cause operational 
difficulties such as corrosion of the basis 
metal during the transfer of parts.” 

Section 6.—In the last sentence add 
“visually” between “be” and “exam- 
ined.” 

Section 7.—Revise to read as follows: 


The number of test specimens to be subjected 
to each test shall be agreed upon by the manu- 
facturer and purchaser. The thickness of chro- 
mium shall be determined in accordance with 
Section 8(a) and the thickness of nickel and 


| 
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copper in accordance with Sections 8(b) or (¢). 
The continuity of coating shall be determined 
in accordance with Section 9 after cut edges 
are coated with a suitable corrosion-resistant 
paint or lacquer. 

Note.—Wherever possible, _ thicknesses 
should be measured by magnetic methods on 
the maximum number of samples practicable 
since such measurements are non-destructive 
and inexpensive. 


Section 8.—Revise Paragraph (c) to 
read as follows: 


When agreed upon by the manufacturer and 
purchaser, the thickness of composite coatings 
of nickel and copper on steel with or without the 
chromium coating may be determined by the 
magnetic method. This method and its limita- 
tions are described in an Appendix to ASTM 
Methods A 219. 


Section 12.—Add a footnote: “Nickel 
deposited by chemical reduction and 
otherwise meeting the requirements of 
the particular application may be ac- 
cepted under this specification.” 


Tentative Specifications for Electro- 
deposited Coatings of Lead on Steel 
(B 200 - 45 T)2 

Footnote 4.—Include in this footnote 
reference to the Recommended Practice 
for the Preparation of High Carbon Steel 
for Electroplating (ASTM Designation: 
B 242). 


Section 6.—In the last sentence add 
“visually” between “be” and “exam- 
ined”. 

Section 7—Revise to read as follows: 


The number of test specimens to be subjected 
to each test shall be agreed upon by the manu- 
facturer and the purchaser. The thickness of 
lead and copper shall be determined in accord- 
ance with Section 8. The continuity of coating 
shall be determined in accordance with Section 
9 after cut edges are coated with a suitable cor- 
rosion-resistant paint or lacquer. 

Note.—Wherever possible, thicknesses shall 
be measured by magnetic methods on the maxi- 
mum number of samples practicable since such 
measurements are non-destructive and inexpen- 
sive, 
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ADOPTION OF TENTATIVES 
AS STANDARD 


The committee recommends that the 
following four tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision 2 

Tentative Specifications for Electrodeposited 
Coatings of Zinc on Steel (A 164-51 T), 

Tentative Specifications for Electrodeposited 
Coatings of Cadmium on Steel (A 165-51 T), 

Tentative Recommended Practice for Prepa- 
ration of Zinc Base Die Castings for Electro- 
plating (B 252-51 T), and 

Tentative Recommended Practice for Prep- 


aration of and Electroplating on Stainless 
Steel (B 254-51 T). 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
following two tentatives, which have 
been published by the Society for two or 
more years, be continued without re- 
vision, because of test programs now in 
progress or revisions presently contem- 
plated pertaining to recent information: 


Tentative Methods of Test for Local Thick- 
ness of Electrodeposited Coatings (A 219-51 T), 
and 

Tentative Specifications for Chromate 
Finishes on Electrodeposited Zinc, Hot-Dipped 
Galvanized, and Zinc Die Cast Surfaces (B 201 - 
49 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications, 
Papers, and Definitions (J. E. Stareck, 
chairman) has been active in reviewing 
specifications under its jurisdiction, re- 
sulting in actions recommended earlier 
in this report. 


3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


Subcommittee II on Performance Tests 
(W. L. Pinner, chairman) has continued 
outdoor exposure tests of electrode- 
posited copper-nickel-chromium coatings 
on high-carbon steel and lead coatings 
on steel. Exposure of a third set of panels 
in the copper-nickel-chromium program 
is p'anned in the near future. A new 
method of rating exposed panels has 
been devised. These are covered in a 
progress report of Subcommittee II 
which is appended.‘ A section has been 
formed under the chairmanship of J. E. 
Stareck to arrange for inspection of 
steel panels, cadmium and zinc plated, 
and subsequently given chromate surface 
treatments. 

Subcommittee III on Conformance Tests 
(R. F. Ledford, chairman) has functioned 
part of the year under its new chairman; 
the work of all sections progressing. 

A new section on “Adhesion Tests” 
has been authorized under the chairman- 
ship of Fielding Ogburn, and this activ- 
ity has thus been removed from the 
scope of an existing section. 

Subcommittee IV on Electroplating 
Practice (Max Frager, chairman).—All 
existing sections have been working on 
their assignments through the year. 

A subgroup under the chairmanship 
of Sam Spring has been appointed to 
survey the field of alkaline cleaning of 
metals with regard to a proposed paper 
on that subject. This work will be co- 


4 See p. 256. 


ordinated with the activities of Commit- 
tee D-12 on Soaps and Other Detergents. _ 

A task force headed by W. H. Safranek 
has been appointed to review the Stand- 
ard Recommended Practice for the : 
Preparation of High-Carbon Steel for — 
Electroplating (B 242-51), and make | 
recommendations for changes. 

Section F on the Preparation of Plas- — 
tics and Other Non-Conductors for 2 
Plating has been disbanded. 


Treatments for Electrodeposited Metallic 
Coatings (M. Darrin, chairman).—Sev- 
eral sections of Subcommittee V have | 
been active during the year. A new 
section under the chairmanship of E. 
Roehl has been appointed and charged 
with surveying the field of surface 
treatments for lead. 

Interest of Subcommittee V in chem- 
ical surface treatments for light metals, 
principally aluminum, has been evi- 
denced. 


Subcommittee V on ‘Metalic 


This report has been submitted to 
letter ballot of the committee which — 
consists of 112 voting members; 80 mem- | 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
C. H Sample, 
Chairman 
R. B. SALTONSTALL, 
Secretary. 
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ATMOSPHERIC EXPOSURE OF COPPER-NICKEL-CHROMIUM DEPOSITS ON 
HicH-CArRBON STEEL 


The most recent report of Subcom- 
mittee II was published in 1951.' That 
report furnished inspection data on the 
original set of copper-nickel-chromium 
plated panels which had been on expo- 
sure at various locations for approxi- 
mately 3.5 yr. Reference was made at 
that time to a supplemental set of panels 
on which exposure tests had just been 
started. The present report includes vir- 
tually the final inspection data on the 
original set of panels and also includes 
inspection data for the supplementary 
set, after exposure times of 0.4, 1.4, and 
2.4 yr. 


Original Set of Cu-Ni-Cr Panels: 


Table I presents the inspection data 
on these panels after 5.2 yr of exposure. 
The test is being continued at State 
College, Pa., where the effect of the rural 
atmospheres is so mild that a majority 
of the panels are still in good condition. 
By agreement with the inspection group, 
authority has been given to discontinue 
exposure tests on these panels at New 
York, N. Y. and Kure Beach, inasmuch 
as virtually all of them have approached 
a state of practically complete failure. 
At these two locations only, tests on 
these panels coated with 3 mils of total 
plate are being continued. 

The two years of additional exposure 
on this set of panels at New York and 


1 Proceedings, Am. Soc. Testing Mats., Vol. 51, p. 204 
(1951) 


REPORT OF SUBCOMMITTEE II ON PERFORMANCE TESTS 


This report of Subcommittee IT has been divided into three parts as follows: 
_ (1) copper-nickel-chromium deposits on high-carbon steel, (2) lead coat- 
ings on steel, and (3) methods of rating. 


— 


Kure Beach has led to no necessity for 
modifying, within the scope of variables 
represented, the conclusions reached in 
the 1951 report of the Subcommittee. 
It is necessary, however, to emphasize 
that this statement refers to the original 
set only. Results from the supplemental 
set would lead to revisions in the con- 
clusions. The type of atmosphere pro- 
duced a profound effect, illustrated by 
comparing performance of panels at 
Pittsburgh, where virtually all panels 
had failed two years ago, with perform- 
ance at State College, where up to the 
present time only the relatively thinner 
coatings have started to show corrosion 
effects. 

At State College, panels coated with 
1.0 and 1.5 mils of total plate thickness 
are starting to show corrosion, and the 
same trends are shown as were previously 
reported for the duplicated panels in 
the other locations. Panels containing a 
total plate thickness in excess of 1.5 
mils are still in perfect, or nearly perfect, 
condition in the rural atmosphere at 
State College. In the 1951 report it was 
mentioned that the application of a 
nickel coating in two steps with the first 
layer buffed, or annealed and buffed, 
was highly beneficial in a seacoast en- 
vironment, but was of no benefit in 
industrial atmospheres. It is seen, by 
comparing lot numbers 4NA and 4B with 
the other lots in which the total thick- 
ness is 1.0 mils, that the double nickel 
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TABLE I.—INSPECTION DATA ORIGINAL SET Cu-Ni-Cr. 


Note.—(b) = buffed; (ba) = annealed and buffed; (WA) = wetti t; (pH) = high pH bath; SB = i-bright; 
B = bright. Incorrectly listed as SAE 9112 in 1981. 


| Coating, mils 5.2 yr 
Lot Steel (SAE) 
Cu | Ni | Total | Rating | Description 
KURE BEACH, N. C. 
= 1.0 1.0 0 xRs; xcR; xR 
0.1 0.9 1.0 0 xRs; xcR; xB 
0.5 0.5 1.0 0 xRs; xcR; xB ? 
0.5 (b) 0.5 1.0 0 xRs; xcR; xR 
1095 0.5 (b) 
+0.5 1.0 8 sRs; scR; sSp 7 
0.5 (ba) 
+0.5 1.0 8 xRs; scR; sS 
No. 5X 1.0 1.0 0 xRs; xcR; 
No. 6X. 0.1 0.9 (pH 1.0 0 xRs; xcR; xB 
No. 5 a 1.5 1.5 5 iRs; icR; ipR 
No. 6 . 0.1 1.4 1.5 4 iRs; icR; xcR 
1095 0.5 1.0 1.5 0 xRs; xcR; xB 
| Rae, 1.0 0.5 (WA) 1.5 0 xRs; xcR; xB 
“Se 1.0 (b) 0.5 1.5 0 xRs; xcR; xB : 
—1.0 (b) : 
No. 9NA. 5 aad +0.5 1.5 9 sRs; vscR; sSp 
No. 10. . 2.0 2.0 sRsvscR; sS: 
No. 11.. 4 0.1 1.9 2.0 6 iRs; ipR; ic: 
No. 12.. : ‘ 0.5 1.5 2.0 5 iRs; ipR; icR a 
No. 13.. ee 1.0 1.0 2.0 2 xRs; xpR; xcR ee 
No. 14.. 1 1.0 (b) 1.0 2.0 1 xRs; xpR; xcR : 
1.0 (b) oe @ 
No. 14NA. +1.0 2.0 9 sRs; spR; scR 
1.0 (ba) 
No. 14B.. . +1.0 2.0 9 sRs; spR; vscR 
|: 1.5 0.5 2.0 0 xRs; xpR; xcR 
No. 16 1.5 (b) 0.5 2.0 1 xRs; xpR; xcR 
ae 3.0 3.0 9 vsRs; vspR; vscR 
1095 1.0 2.0 3.0 8 sRs; vspR; vscR 
1.5 1.5 3.0 8 sRs; vspR; vscR 
ae 1.5 1.5 3 xRs; xpR; xcR 
4130 0.1 1.4 1.5 7 vsRs; vspR; scR; sB 
0.5 1.0 1.5 0 vxcR 
e a 2.0 SB 2.0 0 xpR; scR; xB 
1095 1.0 2.0 2 xRs; xpR; xcR 
No. 29 NA..... +1.0 SB 2.0 2 xRs; xpR; xcR 
No. 30. } | 1.0 1.0 B 2.0 1 xRs; xpR; xcR 
3 xRs; xpR; xcR (2 panels) 
No. 31 1.0 (b) 1.0B 2.0 9 vspR (2 panels) ; 
1095 0.9 { 
No. 32 0.1 7 ,) 2.0 6 sRs; spR; vscr; sB 
0.1 +1.0 fb) 2.0 8 xSp; vsB 
'1095 high polish || 0.1 +1.0B 2.0 9 xSp 
NEW YORK, N. Y. 
No. 1.. a 1.0 | 1.0 2 sRs; ipR; xSp; seZ; iR 
No. 2.. 0.1 0.9 | 1.0 1 xRs; xpR; xcR; xSp; seZ 
No. 3.. 0.5 0.5 1.0 0 xpR; xcR; xRs 
0.5 (b) | 3 | 1.0 0 xpR; xcR; xRs 
No. 4NA. . ek 1095 pam +0.5 (ba) | 1.0 2 xpR; sRs; xSp; xcR; xZ; xW 
a | 
ree +0.5 |} 1.0 2 xpR; sRs; xSp; xcR; xB; xW 
so 1.0 (pH) 1.0 2 xpR; sRs; xSp; xcR; xZ; xW 
0.1 0.9 (pH) 1.0 1 xpR; sRs; xSp; xcR; xZ; xW 
oe | 1.5 tm 2 | xpR; scR; sRs; xSp; seZ 
0.1 1.4 1.5 2 xpR; scR; sRs; xSp; seZ 
1095 0.5 1.0 1.5 0 xpR; xcR; xRs; xSp 
1.0 0.5 (WA) 1.5 0 xpR; xcR; xRs; xSp : 
| 1.0 (b) | 05 — 1.5 0 xpR; xcR; xRs; xSp 
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TABLE 1. —INSPECTION DATA ORIGINAL SET Cu-Ni-Cr—Continued. 


Coating, mils 5.2 yr 
Ni Total Rating | Description 
| 
—1.0 (b) 
+0.5 1.5 2 xpR; scR; sRs; xSp; seZ 
2.0 2.0 2 xpR; scR; sRs; xSp; seZ 
j 1.9 2.0 | 2 xpR; scR; sRs; xSp; seZ 
| 1.5 2.0 0 xpR; xcR; xRs; xSp 
1.0 2.0 | 0 xpR; xcR; xRs; xSp 
1095 1.0 2.0 0 xpR; xcR; xRs; xSp 
1.0 (b) 
+1.0 2.0 2 xpR; icR; sRs; xSp 
1.0 (ba) 
+1.0 2.0 2 | xpR; icR; sRs; xSp; seZ 
0.5 2.0 0 xpR; xcR; xRs; xSp 
0.5 2.0 0 | xpR; xcR; xRs; xSp 
3.0 3.0 2 | sRs; ipR; xSp 
1095 | 1.0 2.0 3.0 2 sRs; ipR; xSp 
’ 1.5 1.5 3.0 1 sRs; ipR; xSp 
| 1.5 1.5 1 iRs; ipR; xSp; seZ 
4130 1.4 1.5 | 2 iRs: xpR; icR; xSp; seZ 
1.0 1.5 | 0 xpR; xcR; xRs; xSp 
{ 2.0 SB |} 2.0 1 spR; icR; iRs; (peeled) 
1095 He > | 2.0 0 xpR; xcR; xRs; xSp 
| -0 ( 
| +1.0 SB 2.0 2 sRs; ipR; xSp; seZ 
1.0B 2.0 0 xRs; xcR; iSp 
1.0B 2.0 0 xRs; xcR; iSp 
0.9 
1095 +1.0B 2.0 1 | sRs; icR; xSp; iW 
0.9 (b) 
+1.0B 2.0 1 sRs; IcR; xSp; iW 
1095 0.9 (b) 
high-polish | +1.0B | 2.0 1 sRs; icR; xSp; iW 
STATE COLLEGE, PA. 
1.0 1.0 5 ipR; scR 
0.9 1.0 4 R; icR; sB 
0.5 1.0 0 sRs; xcR; xpR; isB 
0.5 1.0 1 sRs; xcR; xpR; isB 
1095 0.5 (b) 
+0.5 | 1.0 7 | sSp; xcR 
j 0.5 (ba) | 
+0.5 1.0 10 iSp 
1.0 (pH) | 6 | iSp; spR; 
0.9 (pH) | 1.0 3 | vsSp; iRs; x 
| 1.5 4.5 9 | spR 
| 1.4 1.5 10 | 
1095 | 1.0 1.5 6 | isp icR; vsB; sB 
| 0.5 (WA) 1.5 3 | iSp; icr; IRs; xB 
0.5 1.5 4 | iSp 
—1.0 (b) 
+0.5 1.5 10 iSp 
2.0 2.0 10 | iSp 
1.9 2.0 10 iSp 
1.5 2.0 10 iSp 
1.0 2.0 10 iSp 
1095 1.0 2.0 10 iSp 
1.0 (b) 
+1.0 2.0 10 iSp 
1.0 (ba) 
+1.0 2.0 10 iSp 
| 0.5 2.0 8 iSp; fsB; vscr 
| 0.5 2.0 9 iSp; fsb 
3.0 3.0 10 | iSp 
1095 2.0 3.0 10 iSp 
1.5 3.0 10 | iSp 
1.5 1.5 8 | iSp; spR 
950 1.4 1.5 10 iSp 
1.0 1.5 9 iSps; eR 
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Lot 
» 
No. 13 
No. 14 
No. 14NA..... 
No. 16 
No. 10X 
No. 14X 
No. 16X 
No. 25 
No. 27... : 
No. 28... 
No. 29... 
No. 29NA.. . 
No. 32... 
4 
No. 4NA 7 
No. 5X.. 
No.7... 
No. 8.. = 
No.9... 
No. 9NA. 
No. 11... 
r 
No. 14NA. 1 
No. 14B...... 7 
No. 16.. 
No. 10X...... 
No. 14X. 
No. 16X..... 
«665% 
No. 26 
Me. 27... 
| 
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TABLE I—INSPECTION DATA ORIGINAL SET Cu-Ni-Cr—Concluded. 
| + Coating, mils | 5.2 yr 
Lot Steel (SAE) 
Cu Ni Total Rating Description 
2.0 SB 2.0 10(2) 2(2) | iSp; xF; eR 
No. 29.. oa 1095 1.0 1.0 SB 2.0 9 iSp; isB 
No. 29NA...... +1.0 SB 2.0 10 iSp 2 
No. 30. : 1.0 1.0B | 2.0 8 | iSp; xsB 
SS es 1.0 (b) 1.0B 2.0 6 iSp 
10? 0.9 
No 32.. tf 0.1 | +1.0 *) 2.0 6 | xSp; spR 
0.9 
No. 33. . J (} | +1.0B 2.0 6 xSp; spR 
high-polish 0.9 (b) 
No. 34 1095 01 | +1.0B 2.0 10 iSp 
TABLE II.—INSPECTION DATA, PROGRAM NO. 2 oe Ni-Cr. 
Note.—A = acid; C = cyanide; P = qpzavtecphate; (b) = buffed; * = Nil Cu;® = 10 mg Cu per 1.; © = 25 mg Cu 
per 1. @ Incorrectly listed as SAE 9112 in 1951 
NEW YORK, N. Y. 
! | Coating, mils 0.4 1.4 yr | 2.4 yr. 
Steel | yr 
Lot | (SAE) | Rat- | Rat. 
u | i |Total| ing ing escription | ing | Description 
No. 1.. | 1.0 | 1.0 7 2 | xpR; iRs; xSp; xeZ 1 iRs; vscR; xpR;_ 
‘| } eZ; iW; i ip 
No. 01C 0.9 | 1.0 7 2 xSp; fiB; 3 vsRs; xSp; iB; 
| . xe. | 
No. 3... me 8 4 | ipR; a xSp; xeZ; 2 - ick; xSp; vsB; 
vse 
No. 4... 0.1.C 1.4 | 1.5 9 + | xSp; seZ 7 cRes “ai xSp; vseZ; 
iW; i 
; O1C+04A 1.0 | 1.5 8 3 | ipR; xSp; iS; xeR 5 me ; xSp; seZ; 
No. 6.. | 9507 | 0.2C+0.3A 1.0 | 1.5 9 3 | ipR; xSp; iS; xeR 5 | ARs; sc: xSp; ipR; 
| | 
No. 7...| 0.2C 18 183 8 4 | ipR; xSp; iS; xeR 6 iRs; ipR; xSp; vseZ; 
| 
No. 8...} 0.5C 1.0 | 1.5 8 4 | ipR; xSp; iS; xeR 6 eRe, igh: xSp; vseZ; 
i 
No. 9 | | 0.05 C 
ee |0.5P 4.0 12.5 4 | ipR; xSp; iS; xeR 6 | sRs; ipR; xSp; vseZ 
| i 
No. 10.. 0.2 C + 0.3 A (b) 1.0 | 1.5 3 | ipR; xSp; iS; xeR 5 | ipR; xSp; ieZ; 
No. 11.. 
| 0.5 P (b) 1.0 | 1.5 | x 4 | ipR; xSp; iS; xeR 7 | xRs; iSp; spR 
No. 1 | iia 1.5% | 1.5 8 2 ipR xSpi iS; xeR; 2 | —- ; xpR; iB; 
xeZ; 
No. 2... 1010 | SF 1ts | Ss | 3 | ipR; xSp; iS; xeR 3 eRe, Bp: ipR; ieZ; 
s 
No. 3. 1.5° | 1.5 | 8 | 3 | ipR; xsp; iS; xeR 5 | vscR; xSp; iZ; sW 
KURE BEACH, N. C. 
No. 1...| | 1.0/1.0] 9 | 3 | xpR; ieR; iRs; iB; | 3. | iRs; ipR; xB; xeF 
No. 2.../ 0.10 0.9 | 1.0 | 9 4 | ieR; iRs;iB; | 2 | iRs; xpR; xB; xeF 
No. 4.) les [as 9 | 6 alk sRs; iF 5 | iRs; spR; sB, xeF 
No. 4...! 01C 1.4 | 1.5 9 | 7 | spR; sRs; sF 5 scR; sB; 
xe 
No. s...| 01C+04A } 1.0 | 1.5 9 | 5 sR; seR; sRs; sB; 4 a, gs icR; iB; 
xe. 
No. 6...’ }950 0.2C+03A 10 | 9 | § scR; sRs; sB; 2 xRs; xcR; xB; xeF 
| 
No. 7... 0.2C 1.0 | 1.2 9 4 ip; ieR; iRs; iB; 1 | xRs; xcR; xB; xeF 
| s 
No. 8... 'O05C | 1.0 1.8 9 8 | spR; sRs; sB; scR 8 | sRs; spR; vsB; xeF 
No. 9.. 0.5 P | 1.0 11.5 9 6 | ipR; sRs 5 | iRs; ipR; vsB 
No.10 0.2 C + 0.3 A(b) 1.0 | 1.5 9 6 | spR; seR; sRs; sF 4 | iRs; s ipR; icR; iB; _ 
H xe 
No. 11. .! 0.5 P (b) } 1.0 | 1.5 9 6 | spR; seR; sRs; sF 6 | iRs; ipR; vscR; sB 
No. 1.. 1 1.5 9- 5 seR; sRs; sB; 3 icR; sB; 
| | | x6 
No. 2...) }1010 1.5° | 1.5 8 5 | ipR; seR; sRs; sB 3 a es icR; sB; 
xe 
No. 3...| | je | 1.5 8 3 | ipR; ieR; iRs; iB 2 a ae icR; iB; 
xe 


coating found to be so beneficial in a 
seacoast environment is equally benefi- 
cial in the rural exposure at State College. 
Further in this regard, lot 4B indicates 
that if the underlying nickel is annealed 
and buffed and then followed by a second 
nickel plate, this type of coating is 
exceptionally good in a rural atmosphere, 
as this set of panels with a total thick- 
ness of 1.0 mils shows no corrosion of the 
base metal at all after 5 yr and exhibits 
only a mild condition of surface pitting 
of the plated coating. 

A comparison of the ratings published 
in this report with those published in 
1951 reveals somewhat higher values at 
this time in a number of instances. It is 
possible that several heavy rainfalls, 
‘ just preceding the inspection, may have 
contributed somewhat to the altered 
values. Another consideration is the fact 
that the inspection group de-emphasized 
surface pitting with respect to the rating 
numbers. This is discussed in somewhat 
more detail later in the report. 

The system of abbreviations used to 
supplement the rating number record 
and to define the types of deterioration 
is given below: 

Types oF FAILURE 

R_ = Corrosion (rusting) of the basis metal. (Permanent 
or massive type of basis metal corrosion such as 
that in [ ——; bare or flaked areas, or in 
craters of broken blisters.) 

Rs = Stain due to basis metal corrosion products, such 
as rust stain, which can be removed readily with 
a damp cloth or chamois and mild abrasive re- 
vealing a sound bright surface. 


S = Stains or spots other than that of obvious basis 
metal corrosion products. 


Sp = Surface pits. Corrosion pits probably not extending 
through to the basis metal—that is, absence of 
obvious Sasls metal corrosion products bleeding 
therefro 

F = Flaking or peeling of deposit. 

= Blistering. 

C = Cracking. 

Z = Crazing. 

W = Crow’s feet. 

_ Decree or Extent or PINHOLE RUSTING, STAINING, 
SurPACE PitTING, FLAKING, ETC. 
7 vs = very slight amount: 

s = slight amount. 

i = intermediate or moderate amount. 

xX = excessive amount. 


DescriPTION OF BLISTERS 


= less than about 0.5 mm in diameter. 
= about 0.5 to 2.0 mm in diameter. 
= greater than about 2.0 mm in diameter. 
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vf = S or fewer. 


= 5* to 25. 
i = 10* to 25. 
m = 25+ to 50. 


vm = over 50. 
Description oF Location oF DeEFEcts 
e = edge g = general 
EXAMPLES 

(1) ipR, vscR, sRs = a moderate amount of pin-point 
type rusting, a very slight amount of crater-type rusting, 
and a slight amount of rust stain which can be readily 
removed. 

(2) iSp, iS, iiW, seZ = moderate surface pitting, mod- 
erate staining (other than rust), an intermediate number 
of — size crow’s feet, a small amount of edge 
crazin) 

(3) eR, xRs = excessive crater-type rust spots and 
an excessive amount of removable rust over a sound, 
bright surface. 


Supplemental Cu-Ni-Cr Exposure Tests: 


In 1951! this set of panels was referred 
to as the supplemental program. It will 
hereafter be referred to as Performance 
Test Program No. 2. 

Test Program No. 2 was undertaken 
with the purpose of spot checking some 
of the results of the original program 
obtained from those combinations of 
coatings which seemed to be in conflict 
with data available from other sources. 
Some question was raised as to the pos- 
sible effect of the thickness of the cyanide 
copper strike used under the conventional 
acid copper plate in the original set of 
panels. It was also considered that there 
was merit in investigating copper de- 
posited from alkaline as well as acid 
baths. A third consideration included 
was the effect of copper as an impurity 
in the nickel baths on the corrosion 
resistance of nickel deposits. 

The types of steel and the various 
combinations and thicknesses of plated 
coatings, together with the ratings and 
description of the types of corrosion, 
are summarized in the inspection data 
presented in Table II. 

?Lux and — Journal of Research, Nat. Bureau 
Standards, Vol. 34, 295 (1945); Blum and ow 
Journal of Research, Nat. Bureau Standards, Vol. 24, 
443 (1940); Blum, Strausser, and Brenner, Journal of "Re. 
search, Nat. Bureau of Standards, Vol. 13, p. 331 (1934) 
Thomas and Blum, Transactions, Am. Electrochemical 

, Vol. 48, p. 69 (1925), Vol. 52, p. 271 (1927); Jacquet, 
Bulletin, Soc. Francaise Electriciens, Vol. 2, p. 631 (1932); 
Kraus, Korrosion und Metallschutz, Vol. 4, p. 153 (1928); 


Wirshing, Monthly Review, Am. Electroplaters’ Soc., Vol. 
19, No. 8, pp. 9-12, 26-31 (1932). 


Prior to plating, the steel had been 
polished with a grit sequence as follows: 
100, 120, 150 dry, 150 grease. Profilom- 
eter data were taken from polished steel 
panels as a check on the uniformity of 
the operation. The panels were prepared 
at the Research Laboratory of the Gen- 
eral Motors Corporation in their small 


TABLE III.—COMPARISON OF DUPLICATION OF 
ORIGINAL AND PROGRAM 2LOTS AFTER 2.5 YR. 


New York Kure Beach 

Lot Rating Lot Rating 

Pro | Pro-| | P [Pro- 
Orig- Orig- 

inal | gram) Graf | seam 

No. 1.| No.1 1 1 | No. 1! No.1 3 3 

No. 2.| No. 2 2 3 | No. 2| No.2 2 2 

No. 25.| No. 3 3 2 | No. 25| No. 3 5 5 

No. 26.) No. 4 3 7 | No. 26| No. 4 6 5 


TABLE IV.—TEST PANELS FOR PERFORMANCE 
TEST PROGRAM NO. 3. . 


Nore: All panels to be chromium plated to a 
thickness of 0.01 mils. 


Coating, mils 
Steel 
Lot | 
(SAE) | Thiourea | 
Cyanide ““acid pa Total 
| Copper icke! 
0.05 0.95 0.5 4.5 
No. 3... 950 0.2 0.8 0.5 1.5 
No. 4... 0.05 0.45 1.0 1.5 
0.2 0.3 1.0 1.5 
Acid | Watt’s 
Copper | Nickel 
No. 6 950 { 0.05 0.45 1.0 1.5 
No.7 950 0.1 ioe 1.4 1.5 


scale plating line with the exception of 
lot Nos. 9 and 11 on which pyrophos- 
phate copper was plated at the labora- 
tory of United Chromium, Inc. Control 
of thickness was effected by standard- 
izing current density-time-temperature 
relationship for each individual plating 
bath by means of preliminary control pan- 
els. These control panels were mounted 
on racks and subsequently used in iden- 


tical manner for processing the test pan- ° 


| 


‘ On PERFORMANCE TESTS ‘ 


261 
els. For each plating bath and each thick- 
ness required, the operating conditions 
were established and checked by means of 
thickness measurements. These thick- 
ness measurements were made by a 
composite thickness magnagage designed 
and calibrated by National Bureau of 
Standards to measure accurately copper- 
nickel composite coatings to a total thick- 
ness of 2.75 mils. The pre-establishing 
of operating conditions was necessary 
because the plating procedure does not 
permit intermediate plate thickness de- 
terminations. All buffing of the panels 
and the nickel and chromium plating of 
the panels was done at General Motors 
Corp. Research Laboratory. These panels 
were subsequently exposed at New York 
and Kure Beach in early February 
1950. 
The following are the details of pro- 
cedure used in plating the Test Program 
No.2 set of panels: | 


SoLuTIONs: 

Cleaner G. M. 2401-M 
ere 35 per cent 
Trisodium phosphate... .55 per cent 
Sodium hydroxide...... 10 per cent 

6 oz per gal 
Current density........ 60 amp per sq ft 
Temperature........... 160-200 F 


Cyanide Copper (also used as strike before acid 


and pyrophosphate copper) 


Copper as metal........ 2.26 oz per gal 
Sodium hydroxide...... 0.95 oz per gal 
oe 3.92 oz per gal 
Free cyanide........... 0.53 oz per gal 
Current density........ 15 amp per sq ft 
Temperature........... 120-125 F. 
Acid Copper Solution 
Copper sulfate......... 32 oz per gal 
Sulfuric acid........... 4 oz per gal 
Current density........ 30 amp per sq ft 
Room 
Pyrophosphate Copper Solution 
Copper as metal........ 4.2 oz per gal wa 
Pyrophosphate......... 30.0 oz per gal 
0.12 oz per gal 
8.4 
Current density........ 30 amp per sq ft 
Temperature........... 140 F 


| 
++ 


o REPORT OF SUBCOMMITTEE II oF CoMMITTEE B-8 _ 


Watts Nickel Solution 
Nickel sulfate.......... 40 oz per gal 


Nickel chloride......... 5 oz per gal 

5 oz per gal 

Hydrogen Peroxide as required to control 

pitting 

Current density...... .30 amp per sq ft 

Temperature...........120-125 F 
Chromium Plating Solution 

Chromic acid......... 32 oz per gal 


Chromate/sulfate ratio. .100/1 
Current density........ 150 amp per sq ft 
Temperature 110 F 
Panels were mounted back to back, four to a 
rack with a frame around the outside. 


CLEANING AND PLATING CYCLEs: 


Nickel- i r-Nickel- 

No. 1...| Cathodic clean | Cathodic clean 

No. 2...| Hand scrub Hand scrub 

No. 3...| Anodic clean Anodic clean 

No. 4...| Cold rinse Cold rinse 

No. 5...) 1:1 HCl dip 1:1 HCI dip 

No. 6...| Cold rinse Cold rinse 

No. 7...| Nickel plate Copper cyanide 
plate 

No. 8...| Buff Cold rinse 

No. 9...| Cathodic clean | 1:1 HCl dip 

No. 10...| Hand scrub | Cold rinse 

No. 11...| Cold rinse Acid copper plate 
or pyrophos- 
phate copper 
plate 

No. 12 1:1 HCl dip Buff 

No. 13 Cold rinse Cathodic clean 

No. 14 Chromium Hand scrub 

plate | 

No. 15 Cold rinse 

No. 16 | 1:1 HCl dip 

No. 17 | Cold rinse 

No. 18 | Nickel plate 

No. 19 Buff 

No. 20 Cathodic clean 

No. 21 Hand scrub 

No. 22 Cold rinse 

No. 23 1:1 HCl dip 

No. 24 Cold rinse 

No. 25 Chromium plate 


2, 3 of 1010 steel. 

*’ Used for lot Nos. 9, 10, 11. Omit steps 12 
through 14 for lot Nos. 5, 6, and 9. Omit step 
Nos. 11 through 17 for lot Nos. 2, 4, 7, 8. 

It is interesting first to compare the 
ratings of the No. 2 program with those 
of the original set on lots which dupli- 
cate each other, after both had been on 
exposure for approximately 2.5 yr. These 
data are presented in Table IIT and, with 


the exception of one lot at New York, 
there is a rather faithful duplication of 
results. In the Performance Test Program 
No. 2, three sets of panels, made of 
SAE 1010 steel, were plated with nickel 
from three solutions, two of which con- 
tained copper as an impurity. It would 
appear in the data that copper in 
amounts up to 25 mg per | apparently 
has a negligible effect. 

It is evident from an inspection of the 
data on the No. 2 lot of panels listed 
in Table II that the results, as far as 
the effect of copper is concerned, are not 
in agreement with those of the original 
set. While results are confirmatory on the 
whole, there is definite disagreement on 
the matter of the value of nickel-chro- 
mium versus copper-nickel-chromium de- 
posits. These results received intensive 
study by Section A, which subsequently 
reported to Subcommittee IT in part as 
follows: 


“Comparison of ratings between the 
original exposure group and the No. 2 set 
is incongruous. It is recommended by this 
section that additional test panels be pre- 
pared for performance testing to further 
evaluate copper-nickel-chromium deposits 
on a broader scope, with special emphasis 
on control and application of copper under- 
coats. It is further recommended by this 
section that a regular washing cycle be in- 
corporated in performance test outdoor ex- 
posure procedures on portions of exposed 
panels to more nearly simulate service con- 
ditions.” 


Subcommittee II, and subsequently 
Committee B-8, approved this recom- 
mendation so that at the time of writing 
this report additional panels are being 
prepared and will be placed on ex- 
posure in the spring of 1953. This ad- 
ditional set will consist of panels on 
which plate thicknesses will be applied 
as specified in the data presented in 
Table IV. The steel to be used will be 
flat polished to a 5 rms finish. In lot 
Nos. 2 to 5 inclusive the copper will 
be buffed. In lot Nos. 6 and 7, designed 
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to {tie in with previous exposure data, 
the Watt’s nickel only is to be buffed. It 
will be seen with a special reference to 
lot Nos. 2 to 5 inclusive that this set of 
panels will particularly develop the ef- 
fect of the thickness of the cyanide 
copper strike underlying the acid cop- 
per plate. The other 3 of the 7 lots 
are largely for purpose of reference only. 

Each lot will consist of 24 panels of 
which 4 at each exposure site will be 
continuously exposed and rated with 
no cleaning; 4 other panels from each 
lot will be exposed at each site and regu- 
larly cleaned once per month. The clean- 
ing procedure and the rating procedure 
will be determined prior to exposure 
by Section D of the subcommittee. 
The three exposure sites chosen for the 
test are Kure Beach (sea coast atmos- 
phere), New York (industrial atmos- 
phere), Detroit (relatively heavy in- 
dustrial atmosphere). The regular cleaning 
of part of the panels is believed to 
be a pertinent addition to the test, it 
being suspected that products of corro- 
sion remaining on the surface of the 
panels accelerates additional corrosion 
beyond that expected to be encountered 
in normal service. 

It is anticipated also that the usual 
inspection will be supplemented by a 
laboratory investigation of selected 
panels to determine from time to time 
the extent of corrosion with respect to 
composite coatings. 

It is desirable in this report to refer 
again to the data given in Table II 


REPORT OF SUBCOMMITTEE II oF ComMITTEE B-8 


where it will be noted that the ratings 
given at the end of 2.4 yr in New York 
are higher than those assigned at the 
end of 1.4 yr at the same location. It will 
be noted that this observation does not 
hold true at the Kure Beach site. It 
may be mentioned that the 1952 inspec- 
tion in New York occurred immediately 
after several heavy rainfalls. This also 
may have contributed to a better sur- 
face appearance. More importantly, it 
is pertinent to mention that the ratings 
in New York at the end of 1.4-yr expo- 
sure gave considerable weight to surface 
pitting of the electrodeposited coatings 
themselves; whereas a year later this 
effect was de-emphasized, and, although 
some attention was given it, a greater 
weight was placed on the protective 
value offered the base metal by the plated 
coatings. It was noticed in New York 
that the industrial atmosphere caused a 
considerable amount of surface pitting 
on all panels including even wrought 
nickel which had been nickel and chro- 
mium plated. In view of this, the inspec- 
tion group in 1952 agreed that the rating 
numbers should not be materially influ- 
enced by this effect. No such corrosion 
was noticed to any marked degree on any 
of the panels on exposure at Kure Beach. 
Therefore, from the standpoint of judg- 
ing the real protective value of the coat- 
ings, more weight should be given to 
the ratings at the end of 2.4 yr in New 
York than those at the end of 1.4 yr at 
the same location. 


ATMOSPHERIC EXPOSURE OF ELECTROPLATED LEAD COATINGS ON STEEL 


Subcommittee II has continued the 
exposure tests on lead coatings and Table 
V is a continuation of the data last re- 
ported in 1949. The table covers inspec- 
tions in 1949, 1950, and 1951. The panels 
at Tela, Honduras, were not inspected 
for this period. However, all panels includ- 
ing those at Tela have been inspected for 


the year 1952, or approximately 8.5 yr of 
exposure, and the results will be reported 
in 1954 along with weight loss data. 
Inspection and comparison of the data 
will show that the trends previously 
reported are continuing. As last re- 
ported, from visual inspection, the most 
severe atmosphere is at Kure Beach and 


in 
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the least severe is at New York. The 
retarding effect of a copper undercoating 
on the rate of rusting is still apparent. 
While a 0.015-mil copper undercoat 
appears to aid corrosion protection of 
steel for lead coating thicknesses of 
0.25 mil and greater, early results on the 
0.08-mil lead deposits showed the copper 
undercoating to be harmful to corrosion 
protection in many cases. 

Included in the table are data showing 
the range of visual inspection readings 
for the number of panels inspected. It is 
seen that in many cases there is con- 


METHODS 


Because of several criticisms that the 
method used by Subcommittee II for 
rating decorative chromium-plated 
panels was not adequate and frequently 
misinterpreted, Section D was formed. 
The subcommittee’s instructions were to 
review suggestions made and make 
recommendations for overcoming the 
deficiencies of the method and to sim- 
plify evaluation of results. 

The present method? of rating decora- 
tive panels consists of assigning num- 
bers denoting the total area defective 
and describing the types of defects by 
means of a shorthand code. The ratjng 
number is assigned by comparing the 
panels to photographs and charts. While 
this system of rating panels is basically 
sound, many people when reading the 
report of Subcommittee II are interested 
only in the numerical value assigned to a 
panel or group of panels and evaluate 
the results of the test on the number 
alone. In many instances panels with 
equal areas defective are given the same 
rating number even though one of the 
panels may not be corroded as severely 
as the others and would be considered 
to be in better condition. The shorthand 


3W. A. Wesley, “Rating Exposure Test Panels of 


Decorative Electrodeposited Cathodic Coatings,” Pro-- 


ceedings, Am. Soc. Testing Mats., Vol. 47, p. 803 (1947); 
Report of Subcommittee II on Performance Tests, Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 49, p. 220 (1949), 


siderable variation in the per cent stain 
and rust reported for panels of the same 
nominal coating. This is not only due to 
actual differences in corrosion but also 
to the inability of accurately reading the | 
panels. For this reason, although doing 
so will leave some of the groups rather 
short in number of panels, it was de- 
cided by the subcommittee that panels 
would again be removed for lead weight 
loss, steel weight loss, and loss in tensile 
strength. These panels have been re- 
moved and the data will be reported in 
1954. 


OF RATING 


code description, which few people read 
and study, is intended to show this dif- 
ference. 

Another deficiency of the method of 
rating used by Subcommittee II was 
that the ratings. were assigned to a 
group of panels representative of the 
variable being studied, rather than to 
individual panels. This did not permit 
statistical analysis of the results. 

A third deficiency of the method was — 
that in many instances groups of panels : 
with noticeable differences were given 
the same rating number. One group would 
have the maximum amount of area 
defective for that number, while the > 
other group would have the minimum 
amount of area defective. 

In studying the suggestions made, it 
was evident that a method of rating 
panels in which the types of defects 
are weighted was desired. In addition, 
the section realized that the weighting 
given to the various types of defects 
would vary with individuals and their 
use of the data. 

The following rating procedure is pro- 
posed for the rating and the presentation 
of data for the evaluation of protection 
by decorative plating on test panels 
exposed to the atmosphere on stationary 
exposure racks. It is recommended 
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‘specifically for the Performance Test 
Program No. 3 of copper-nickel-chro- 
mium plated steel panels. The panels 
which are to be cleaned periodically are 
to be rated separately from the panels 
which are to be exposed continuously 
without periodic cleaning. 
Section D recognizes that the proposed 
_ rating procedure will be more time con- 
suming than the procedure previously 
' used. However, in view of the time con- 
sumed and money spent in planning pro- 
_ grams and in preparing test specimens, 
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005 O01 020305 10 203050 10 203050 100 
Weighted Areo Defective, per cent 
Fic. 1.—Chart for Converting per cent Area 
Defective to Rating Number. 


_ Section D believes that the additional 
time required is very small when com- 
pared to the information gained. 


A. Panels not to be cleaned periodically: 


1. Arrangement on Racks.—At the 
first inspection and each subsequent 
inspection, the panels are to be arranged 
on the test racks in order of decreasing 
commercial value from the standpoint 
of appearance. Duplicate panels with 
various degrees of failure will probably 
not be adjacent to each other on the 
racks and may be separated by several 
other panels. The first inspection will 
require the greatest amount of rearrange- 
ment on the racks. Subsequent inspec- 
tions may require some rearrangement, 
but it is not expected to be seriously 
_ time consuming. 

2. Assignment of Rating Numbers.— 
_ With the aid of photographs or charts 

_ (Fig. 1) now used by Subcommittee 


II, the per cent area defective for each 
type of defect is to be estimated and 
recorded. This can be done by finding 
the panels with the per cent area defec- 
tive closest to those shown in the photo- 
graphs or charts. Panels showing inter- 
mediate degrees of attack can then be 
estimated by comparing them to the 
panels previously rated. Before leaving 
the test site, arbitrarily assign a weight- 
ing factor to each type of defect in ac- 
cordance with the inspector’s judgment 
of the seriousness of the defect compared 
to pinhole rusting. Use this factor to 
find the final weighted area for each 
defect. 


Thus 

fa =W, 
where 
f = factor or weighting, 


a =per cent area defective for any 
given type of defect, and 

W., = final weighted area. Then after 

each type of defect is rated, 

the several weighted areas are 

added together to give the 


total weighted area. 
Thus 


where: 


W. = the total weighted area. Then by 
using the formula (or referring 
to the attached curve) 


Rating = 3(2 — logi Wa) 


the total weighted area is converted to 
the proper rating. By using this formula 
a rating of 9 would approximately equal 
0.10 per cent area defective. A rating of 
8 would approximately equal 0.25 per 
cent, etc. A rating of 10 would be as- 
signed to a panel with a total weighted 
defective area of less than 0.05 per cent. 
A rating number of 0 would be assigned 
to a panel with a total weighted defective 
area greater than 100 per cent. Results 
reported should include the defective 
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area percentages for each type of defect, 
as well as the weighted rating nuinber for 
each panel. After assigning the rating 
numbers for all panels in a group, they 
should be reinspected to determine if 
an error has been made in arranging 
the panels, in estimating per cent area 
defective, or in assigning weighting 
factors. These errors will be apparent 
where a rating number indicates that a 
panel is out of order when compared to 
adjacent panels. 

When deemed advisable by the inspec- 
tors, the metals undergoing corrosion 
may be detected by various chemical 
tests. The following tests are suggested 
and should be applied to small areas 
which are being corroded. Only one of 
duplicate panels shall be tested in this 
manner. The results of these tests will 
assist in determining the defects being 
rated and in determining the weighting 
factors. 


Nickel: Saturate filter paper with NH,OH or 
distilled water. Place filter paper on panel and 
rub lightly. Remove filter paper and add 
dimethyl-glyoxime. Red precipitate indicates 
presence of Ni. 

Tron: Saturate filter paper with dilute HNO. 
Place filter paper on panel and rub lightly. 
Remove paper and add drop of K4Fe(CN)<. 
Blue color indicates presence of Fe. (If no- 
iron or extremely small amounts are present, 
green or faint purple color may appear. 
Disregard this). 

Copper: Saturate filter paper with dilute HNO; 
or with distilled water. Place filter paper on 
panel and rub lightly. Remove filter paper 
and add drop of Zn(C2H3Oz)2 to filter. Paper 
followed by drop of (NH4)2Hg(CNS),. Purple 
or light pink color, depending on the amount 
of Cu present, indicates the presence of 
copper. 

Note.—Iron will cause a reddish precipitate 
to appear. The iron may be masked out by 
adding an oxalate, but usually the test will show 
a positive purple color even with fairly large 
amounts of iron present. ~~ 


Solutions: 
1. HNO;—dilute 1:5 
2. NH,OH—dilute 1:1 
3. Dimethylglyoxime—1 per cent in alcohol 
4, K,Ke(CN).-—10-15 per cent solution 


5. Zn(C2H302)2—1 per cent 


6. NH,CNS—9 g 
HGCh—8 g 


B. Panels to be cleaned periodically: ail 


1. Section D recommends that the 
panels which are to be cleaned peri- 
odically be cleaned once each month by 
the following procedure. Remove loose 
dirt by rinsing with water and wiping 
with a wet cloth. Remove surface corro- 
sion products by rubbing with a water 
paste of Johns Manville’s Super Floss 
(2 to 4 micron diatomaceous earth), 
allow paste to dry, and remove with a 
soft dry cloth. 

2. Inspection of the panels cleaned 
periodically should coincide if possible 
with scheduled cleaning. Without rear- 
ranging panels on racks rate test panels 
as outlined under A-2 after removing 
the loose dirt by rinsing with water and 
wiping with a wet cloth. 

3. Remove corrosion products by rub- 
bing with a water paste of a mild abrasive 
such as Johns Manville’s Super Floss. 
Allow paste to dry and remove with a 
soft dry cloth. 

4, Arrange panels on racks in order 
of decreasing commercial value from the 
standpoint of appearance. 

5. Rate test panels again as outlined 

in paragraph A-2. 
The factors for weighting each type of 
defect may be changed after calculating 
rating number and reinspecting panels. 
As a preliminary guide, the following 
factors are suggested: 


Light irridescent stain................. 1/100 
Peeling and 4 
Crows feet and moderate to heavy sur- 


Respectfully submitted on behalf of 
the subcommittee, 
W. L. PINNER, 
Chairman. 
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REPORT OF COMMITTEE B-9 


This report covers the activities of 
Committee B-9 on Metal Powders and 
Metal Powder Products for the period 
from June, 1952, to June, 1953. During 
this time, one meeting was held in 
Cleveland, Ohio, on April 22, 1953. 

During the year, W. A. Reich, chair- 
man of Committee B-9 since its organiza- 
tion in 1944, resigned the chairmanship 
because of change in employment. The 
Advisory Committee appointed F. V. 
Lenel to serve out W. A. Reich’s un- 
expired term, and C. G. Johnson to serve 
as secretary in place of F. V. Lenel. 


NEw TENTATIVE 


The committee recommends to the 
Society the publication as tentative of 
the proposed Tentative Specifications 
for Sintered Metal Powder Structural 
Parts from Brass appended hereto.' This 
proposed tentative has been submitted 
to letter ballot of the committee, and the 
results will be announced at the Annual 
Meeting of the Society.’ 


EpITORIAL REVISION OF TENTATIVE 


The committee recommends to the 
Society the following revision to the 
Tentative Recommended Practice for 
Evaluating the Microstructure of Appar- 
ent Porosity in Cemented Carbides 
(B 276 — 52 T).® The title of this tenta- 
tive is to be changed to ‘Tentative 
Recommended Practice for Evaluating 
Cemented Carbides for Apparent Po- 


* Presented at the Fifty-sixth Annual Meeting of the 
Socio, June 29-July 3, 1953. 

1 The new tentative was accepted by the Society and 
appears in the 1953 Supplement to 1952 Book of ASTM 
Standards, Part 2. 

2 The letter ballot vote on this recommendation was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 

3 1952 Book of ASTM Standards, Part 2. 
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rosity.” This revision has been submitted 
to letter ballot of the committee, and the 
results will be announced at the Annual 
Meeting of the Society.” 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specification for Metal Powder 
Sintered Bearings (B 202 - 51 T)?, Ten- 
tative Definitions of Terms used in 
Powder Metallurgy (B 243 — 49 T)?, and 
Tentative Specification for Sintered 
Metal Powder Structural Parts from 
Bronze (B 255 —- 51 T)? be retained as 
tentative in view of several pending and 
proposed additions and changes in each 
of these tentatives. 


ADVISORY COMMITTEE ACTIVITIES 


The Advisory Committee held three 
meetings during the year to act on var- 
ious committee administrative matters. 
New chairmen were appointed for three 
of the sections of Committee B-9. 
Through the efforts of the committee, 
the consumer and general interest repre- 
sentation on the committee was enlarged 


during the year. 


Subcommittee I on Nomenclature and 
Technical Data (F. N. Rhines, chairman). 
—Further consideration was given to 
additional terms for inclusion in the 
Glossary (Definitions of Terms Used in 
Powder Metallurgy, B 243 - 49 T). The 
noun “Sintering,” describing a product 
made by sintering metal powders, first 
considered by the subcommittee last 


ACTIVITIES OF SUBCOMMITTEES 


* ¢£ 
= 


On METAL AND METAL PowpeER PRopUCTS 


year, has found wide application during 
the past year. It was decided to submit 
whether this term should be incorporated 
in the Glossary to a letter ballot of Com- 
mittee B-9. The work on technical data 
sheets on material covered by Specifica- 
tion for Sintered Metal Powder Struc- 
tural Parts (B 222-52) is being con- 
tinued. 

Subcommittee II on Metal . Powders 
(J. J. Cordiano, chairman).—Minor 
changes were made in the four tentative 
methods for Chemical Analysis of Metal 
Powders mentioned in the 1951 report. 
These tentatives are being submitted to 
letter ballot of the committee and simul- 
taneously forwarded to Committee E-3 
on Chemical Analysis of Metals with the 
hope that they can be included in the 
next issue of the ASTM Volume on 
Methods of Chemical Analysis of Metals. 
The tentative on Subsieve Particle 
Size Analysis is also being submitted to 
committee letter ballot. Efforts to stand- 
ardize on a compressibility test are con- 
tinuing, and work on a test for green 
strength is being taken up. 

Subccmmitiee III on Metal Powder 
Products (R. P. Koehring, chairman). 

Section A on Bearings (Paul Moench, 
chairman) agreed on a recommended 
size list for porous bearings which is to 
be appended to Tentative Specifications 
for Metal Powder Sintered Bearings 
(B 202-517). Several other minor 
changes in B 202 were also decided upon. 
Both the size list and the other changes 
are to be submitted to letter ballot of the 
section. 


Section B on Structural Parts (P. J. 
Shipe, chairman) held two meetings 
during the year. The Specifications for 
Brass Structural Parts were completed, 
approved by both the section and Com- 
mittee B-9, and are appended to this 
report.' Substantial agreement was 
reached on Tentative Specifications for 


‘Copper Impregnated Structural Parts, 


which will be submitted to letter ballot 
of the section. 

Section C on Cemented Carbides (R. A. 
Canning, chairman) continued its efforts 
in developing standards for testing ce- 
mented carbides with a standard for 
hardness testing being submitted to 
letter ballot of the section and procedures 
for transverse rupture testing and specific 
gravity determination being drafted for 
further discussion. Two new task forces 
on metallographic procedures for ce- 
mented carbides and on classification of 
cemented carbides are being appointed 
by the chairman of the section. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 58 members; 30 returned 
their ballots, of whom 20 voted affirma- 
tively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 

F. V. LENEL, 
Chairman. 
C. G. JoHNson, 
Secretary. 
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REPORT OF ADVISORY COMMITTEE 
ON 


CORROSION* 


The 1952 report! of the Advisory Com- 
mittee on Corrosion summarized the 
activities of the technical committees of 
the Society engaged in the study of ex- 
posure testing. There seems little point 
in making such complete reviews an- 
nually, but this information will be 
brought up to date periodically. There 
are, however, a number of new or con- 
tinuing tests which warrant brief men- 
tion. 


ExXPosURE PROGRAMS 


Committee A-5 on Corrosion of Iron and 
Steel: 


Subcommitiee XIV on Sheet Tests now 
has specimens only at Annapolis, Md. 
(copper-bearing and non-copper-bear- 
ing sheets since 1916) and Altoona, Pa., 
and State College, Pa. (uncoated and 
galvanized sheets since 1926). 

Subcommittee XV on Wire Tests is 
reporting the results of the past two 
years’ annual inspections in its biennial 
appendix to the 1953 Report of A-5.* 
Present sites include Bridgeport, Conn., 
State College, Pa., Lafayette, Ind., 
Ames, Iowa, Manhattan, Kan., Ithaca, 
N. Y., Santa Cruz, Calif., College Sta- 
tion, Tex., Davis, Calif., and Pitts- 
burgh (Williams & Co.), Pa. 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Subcommittee VII on Weather has 
continued the exposure of iron and of 


ei. Presented at the . sixth Annual Meeting of the 
Society, June 28-July 3, 
1 Report of Advi AG , on Corrosion, Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 52, p. 212 (1952). 
2 See p. 101. 


zinc specimens for the purpose of cali- 
brating the relative corrosivity of vari- 
ous test site locations. Specimens have 
been exposed during the past year at 
State College, Pa., New York City, 
Point Reyes, Calif., Kure Beach, N. C., 
and Pittsburgh, Pa. An interim report 
is to be presented by C. P. Larrabee and 
O. B. Ellis at the June, 1953, meeting of 
the Society.* 

Subcommitiee VIII on Galvanic and 
Electrolytic Corrosion has completed the 
exposure of Part 2 of its 3-part program 
on galvanic magnesium couples. Part 
2, wire-wound bolts, consisted of three 
sets of specimens exposed for three con- 
secutive four-month periods and a fourth 
set exposed over a total period of 12 
months. The first of three series of disk- 
type couples (Part 1) was removed last 
year. The materials for the plate-type 
couples of Part 3 are currently being 
assembled. 


Committee B-6 on Die-Cast Metals and 

Alloys: 

Subcommitiee V on Exposure and Cor- 
rosion Tests, which some years ago ex- 
posed a number of die-cast aluminum 
alloys, is currently making additional 
exposures of the test specimens which 
had been held in reserve. These expo- 
sures are being made at Kure Beach, 
New York City, and Columbus, Ohio. 


Committee B-7 on Light Metals and Al- 
loys, Cast and Wrought: 


Subcommitlee \VIII on Atmospheric 
Exposure Tests has been engaged in the 


3 See p. 194, 
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exposure of more than 1500 (per site) 
aluminum and magnesium specimens at 
New York City, State College, and Kure 
Beach. Additional exposures are planned 
for Point Reyes, Calif., and Freeport, 
Tex. 

Details will be given in a paper by 
L. H. Adam on “Resistance of Light 
Metals to Atmospheric Exposure,” at the 
June, 1953, meeting of the Society.‘ 


Committee B-8 on Electrodeposited Metal- 
lic Coatings: 


Subcommittee II on Performance Tests 
is continuing its study on copper-nickel- 
chromium and lead deposits on steel 
as well as currently planning tests for 
the purpose of ascertaining the relative 
protection afforded by various supple- 
mental organic coatings. An additional 
series of plated panels will be exposed 
within the next few months and panels 
with supplemental organic treatments are 


planned for ope by the end of the 
year. 


Test SITE ENVIRONMENTS 


It is hard to realize from a verbal 
description the appearance of the various 
sites as well as the environment sur- 
rounding them. In an effort to make this 
information available to those interested, 
photographs of the various ASTM test 
sites have been incorporated in an Ap- 
pendix to this report.> These photographs 
have been chosen to show the various 
test sites and their surroundings rather 
than the details of the types of speci- 
mens. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 28 members; 23 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


F. L. LAaQuE, 
Chairman. 


J. S. PETTIBONE, 
Secretary. 


5 See p. 274. 
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APPENDIX 


ASTM TEST SITES 


The American Society for Testing Ma- 
terials, with authority vested in its Advisory 
Committee on Corrosion, now has under its 
jurisdiction 23 atmospheric test sites repre- 
senting marine, industrial, rural, and tropical 
atmospheres. The marine atmospheres in- 
clude East, West, and Gulf Coasts. Indus- 
trial atmospheres range from the highly 
industrialized Pittsburgh area to semi-indus- 
trial locations such as Columbus, Ohio. 
Rural atmospheres range across the United 
States from Santa Cruz, Calif., in the west, 
College Station, Tex., in the south, Ames, 
Iowa, in the central, and Ithaca, N. Y., and 
State College, Pa., in the northeast sections 
The tropical exposures are mild in Mira- 
flores, C. Z., and severe at Fort Sherman, 

The industrial test site at Altoona, Pa. 
(Fig. 1), is located on the fourth floor roof 
of the Pennsylvania Railroad’s General 
Office and Storehouse Building of the Juni- 
ata Shops. Adjacent to the Juniata Shops 
the Pennsylvania Railroad has a large clas- 
sification yard, and the specimens in this 
test site are subjected to extensive fumes 
from both coal burning and diesel powered 
locomotives. 

The rural sites of Ames, Iowa (Fig. 2), 
and Annapolis, Md. (Fig. 3), were set up for 
the A-5 wire tests and sheet tests, respec- 
tively. The Ames site is located on the 
grounds of the Iowa State College but is 
located some distance from any of the 
college buildings. The Annapolis site, located 
several hundred yards from the Severn 
River is located within the U. S. Naval 
Engineering Experiment Station and as 
can be noted from the photograph these 
specimens are, during certain hours of the 
day, shaded by nearby trees. 

One of the industrial sites used by A-5 in 
connection with its wire tests is located in 


er 


Bridgeport, Conn. (Fig. +). To accommodate 
the owners of the plot, the area is to be re- 
duced to one half its present size. 

College Station, Tex. (Fig. 5), representa- 
tive of the rural south, was another of the 
sites chosen for the A-5 wire tests. This site 
is located on the grounds of the Texas 
Agricultural and Mechanical College. 

Columbus, Ohio (Fig. 6), is a semi- 
industrial site picked so as to represent 
conditions intermediate between those pre- 
vailing in Pittsburgh and State College, 
Pa. The specimens are located on the fourth 
floor of the Seventh Avenue Building as 
indicated by the arrow in Fig. 6. There are 
railroad yards approximately 24 miles 
southeast and the prevailing winds in this 
area are from that direction. 

Davis, Calif., is the West Coast rural 
site used for the A-5 wire tests and is located 
on the University of California grounds 
This site is shown in Fig. 7. 

The industrial site of East Chicago, Ind., 
is located near typical industrial plants such 
as the iron foundry, gas works, etc., shown 
in the background of Fig. 8. 

Through the courtesy of the U. S. Naval 
Research Laboratories an agreement has 
been reached whereby the NRL is willing 
to permit the ASTM limited usage of its 
test site facilities at Fort Sherman (also 
Miraflores, C. Z.) in the Canal Zone. These 
facilities are surrounded by tall trees and a 
heavy undergrowth, conditions characteris- 
tic of the hot humid type of environment 
found in the jungle. General views of this 
area are shown in Fig. 9. 

The Freeport, Tex., area is a Gulf Coast 
site and is located in the floodgate area at 
the mouth of the Brazos River. This is the 
latest site acquired by the Society and the 
area to be used is indicated by the flags and 
white outline in Fig. 10. 
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2.—Ames, Iowa 


3.—Annapolis, Md. 


. 
Fic. 
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Fic. 5.—College Station, Tex. 


Fic. 4.—Bridgeport, Conn. 
: 
° 


Fic. 8.—East Chicago, Ind. 


Fic. 6.—Columbus, Ohio. 
. / 
Fic. 7.—Davis, Calif. 


ASTM Test SITEs 


(a) Specimens at Fort Sherman, C. Z. 


(b) View of General Environment. 
Fic. 9.—Fort Sherman, C. Z. 
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at 
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Fic. 10.—Freeport, Tex. 
J 
ow 
Fic. 11.—Ithaca, N. Y. 
Fic. 12.—Key West, Fla. 


* 


Fic. 13.—Kure Beach, N. C. 
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“ 
Fic. 16.—Miraflores, C. Z. 
Fic. 17.—New York City (Bell Telephone Labs.). 
« 


(a) General View (looking northwest) of Manhattan Showing Port of New York Authority 
Building (white arrow, right foreground). —. 


(b) Sixteenth Floor Penthouse Roof (looking east). 
Fic. 18.—New York City (Port of New York Authority). 
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Fic. 21.—Santa Cruz, Calif. 


Fic. 20.—Point Reyes, Calif. 
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Ithaca, N. Y., is the northernmost site 
used by the Society and was set up at Cornell 
University by Committee A-5 for its wire 
tests. This area is shown in Fig. 11. 

The Key West, Fia., site, the southern- 
most site in continental United States, was 
recently relocated in the so-called salt 
ponds, a part of the U. S. Navy Reserva- 
tion, and the specimens are presently located 
about one half mile from the Atlantic 
Ocean. The shore line is denoted by the palm 
trees in the background (Fig. 12). The site 
is about 6 ft above the surrounding brackish 
waters. 


_ The Kure Beach, N. C., location is the 


site of The International Nickel Co.’s 
exposure station and the meeting place of 
the well-known Sea Horse Inst. Figure 13 
shows an aerial view of the 80-ft racks in the 
foreground and the 800-ft racks in the back- 
ground. 

Lafayette, Ind. (Fig. 14), and Manhattan, 
Kan. (Fig. 15), are representative of the 
rural areas of the Midwest and are located 
at Purdue University and Kansas State 
University, respectively. 

Miraflores, C. Z., is not strictly an ASTM 
test site but space has been made available 


ASTM Test SItEs 


Fic. 23.—Tucson, Ariz. 
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(also at Fort Sherman, C. Z.) to the Society 
through the courtesy of the Naval Research 
Laboratories. The Miraflores site is in an 
open area and is classified as mild tropic. 
A view of this area is shown in Fig. 16. 
There are presently two sites in New York — 
City, the earlier site being established on 
the roof of the Bell Telephone Laboratories 
in 1928 (Fig. 17). The newer site established 
on the sixteenth story penthouse roof of the 
Port of New York Authority Building is 
shown in two views in Fig. 18. The pent- 
house roof is shown in the general view of 
that area of Manhattan by the white arrow 


in the lower right-hand corner. The detailed — 
view shows approximately 175 ft of pipe 
frames already in use. 

Various difficulties have been encoun- 
tered in the Pittsburgh, Pa., area. After 
many years the test site on Brunot Island 
had to be discontinued in 1951, and selected 
specimens were moved to a location on the 
roof of the Bureau of Mines. Last year it 
was found necessary to again relocate the 
test site and the present specimens con- 
sisting only of a few selected A-5 wires and 
the calibration specimens of B-3, Subcom- 
mittee VII, are currently located on the 
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roof of the Williams & Company warehouse. 
The white circle in the upper left-hand sec- 


‘tion of Fig. 19 indicates the location of 


Williams & Company. 

Although Fig. 20 does not show the facili- 
ties available at Point Reyes, Calif., it does 
indicate the general terrain. The ocean can 
be seen in the background as viewed from 
a slight elevation just to the west of the 
ASTM site. The plot is approximately one 
half mile from the water. 

Santa Cruz, Calif., the West Coast marine 
site used for the A-5 wire tests, is on land 
owned by the City of Santa Cruz and, as 
shown in Fig. 21, is located on a hill over- 
looking the city and Monterey Bay (left 
background). 

State College, Pa., is quite typical of the 
rural areas of our country. This site, estab- 
lished in 1925, has been expanded and there 
is currently available somewhat more than 
half an acre of ground. A few of the several 
thousand specimens exposed at State Col- 
lege are shown in the foreground of Fig. 22. 
The area beyond the fence is gently rolling 
and typical of the area surrounding the site. 
There is no industry of any kind in the area. 

As opposed to the rural type atmosphere 
characterized by State College, Pa., it was 
agreed that a hot, dry, rural area should be 
picked as a test site in the Southwestern 
part of the United States. Such an area has 
been made available by the U. S. Dept. of 
Agriculture through the Southwestern Forest 
and Range Experiment Station located at 
Tucson, Ariz. This area is located at the 
foot of a gentle slope as shown in Fig. 23, 
and the area proposed for the ASTM site 
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is located about where the man is ennai 
in the foreground. 
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Meetings: 


Meetings of the ASTM-ASME Joint 
Committee on the Effect of Temperature 
on the Properties of Metals, its panels 
and subcommittees, were held during the 
past year in New York, N. Y., in con- 
junction with the Annual Meetings of 
the American Society for Testing Ma- 
terials during the week of June 23, 1952, 
and of The American Society of Me- 
chanical Engineers the week of No- 
vember 30, 1952. 

The Data and Publications, the Avia- 
tion, and the Low Temperature Panels 
met at both Annual Meetings. The 
Chemical and Petroleum and the Test 
Methods Panels met in June; the Gas 
Turbine, the General Research, and the 
Steam Power Panels met in December. 

The Test Methods Panel had addi- 
tional meetings in Ann Arbor (Uni- 
versity of Michigan) in May, 1952, and 
at the ASTM Spring Meetings in Detroit, 
Mich., on March 2, 1953. Project 29 
had an additional meeting at Columbus 
(Batelle Memorial Inst.) in September, 
1952. 


Technical Sessions and Papers: 


The following papers were presented 
at the Annual Meeting of the ASME 
during the week of November 30, 1952, 
under the co-sponsorship of the Re- 
search Committee on High-Temper- 
ature Steam Generation, Power Divi- 
sion, and the Joint Committee on the 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
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Effect of Temperature on the Properties — 
of Metals: 


Laboratory Investigation of Superheater Tub- 
ing Materials in Contact with Synthetic Com- 
bustion Atmospheres at 1350 F—C. J. Slunder, 
A. M. Hall, and J. H. Jackson of Battelle 
Memorial Institute. 

Resistance of Cast Fe-Cr-Ni Alloys to Cor- 
rosion in Oxidizing and Reducing Flue-Gas 
Atmospheres—J. H. Jackson, C. J. Slunder, 
and O. E. Harder of Battelle Memorial In- 
stitute, and J. T. Gow of Electric Steel Foundry 
Co. 

Corrosion of Mercury Boiler Tubes During 
Combustion of Heavy Residual Oil—A. M. Hall 
and J. H. Jackson of Battelle Memorial In- 
stitute, and D. Douglass of The Hartford 
Electric Light Co. 

Thermal Shock and Other Comparison Tests 
of Austenitic and Ferritic Steels for Main 
Steam Piping—W. C. Stewart and W. G. 
Schreitz, U. S. N. Engineering Experimental 
Station. 


During this Annual Meeting of the 
ASTM in Atlantic City, a Symposium 
on “Metallic Materials at Low Temper- _ 
atures” will be presented by the Low 
Temperature Panel. The Symposium 
covers five sessions at which more than 
25 papers, covering various aspects of 
testing and service at low temperatures, — 
are being presented. 

It is planned to have these papers 
produced as a special publication.! The 
committee has adopted the policy of — 
furnishing copies of all papers and pub- 
lications sponsores| by it to all con- © 
tributors to its financial support. 


1To be issued as separate technical publication 
ASTM STP No. 158. 


— 
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Membership: 


By action of the Sponsor Societies, 
on recommendation of the Committee, 
Addison M. Rothrock, Assistant Director 
of Research of the National Advisory 
Committee on Aeronautics, George V. 
Smith, United States Steel Corp. Research 
Laboratory, and Paul M. Brister, Bab- 
cock and Wilcox Co., have been appointed 
to membership on the committee. R. F. 
Miller of the United States Steel Corp., 
who has been unusually active in the 
committee’s work as chairman of the 
Data and Publications Panel, has sub- 
mitted his resignation from the com- 
mittee because of pressure of other work. 
The committee regrets this loss and 
wishes to record its sincere appreciation 
of the splendid work he has performed in 
its behalf for a number of years. 


Finances: 


During the past year, the committee’s 
campaign for funds under the chairman- 
ship of N. L. Mochel has brought in 
about $16,000, $10,000 of which was con- 
tributed by the Edison Electric Institute. 
The total now stands at nearly $81,000. 


Contracts: 


As has previously been reported, four 
contracts have been entered into for a 
sum totalling $21,600. Additional con- 
tracts are in the making, funds having 
been authorized as follows: 


Project SP2: a rties of Cast Iron 
levated Temper- 


DPS: “Survey of Relaxation 
Data” 


DP7: “Survey of Data 
Copper-Base Alloys”... 


$10,000 


$1. ,000 


Total contractural and projected con- 
tractural obligations thus total $33,600. 
The present rate of-effort on work in 
progress appears to call for expenditures 
of the order of $10,000 per year. Funds 
in the Custodian Account, administered 
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by the ASME, amounted to $78, 986.66 
as of May 1, 1953. : 


ACTIVITIES OF PANELS AND | 
Project SUBCOMMITTEES 


Aviation Panel (Leo Schapiro, chairman): 


The first report of progress from the 
University of Michigan on Project AP1, 
devoted to the creep-rupture testing of 
0.040-in. sheets of Types 321 and 347 
stainless steel and of N-155 and Inconel 
X, has been received and is devoted 
principally to a discussion of means of 
measuring the large gage length elonga- 
tions involved. It is expected that work 
on this project will be completed during 
the present summer. 

The report under project AP2, cover- 
ing short-time tension and creep-rupture 
phases of the work, was presented as 
a paper by D. Preston during the Sym- 
posium on Strength and Ductility of 
Metals at Elevated Temperatures with 
Particular Reference to Effects of 
Notches and Metallurgical Changes at 
the June, 1952, Annual Meeting of the 
ASTM (issued as separate publication, 
ASTM STP No. 128). The Thermal 
Shock phase of the work, involving a 
large amount of data, has also been 
reported to the Panel. 


Data and Publications Panel (George V. 
Smith, chairman): 


Data have been collected for the high- 
temperature properties survey, Projects 
DP3 (superalloys) and DP4 (chromium- 
molybdenum steels). The compilation of 
the data for the chromium-molybdenum 
survey has been completed and is now 
ready for reproduction as a Special 
Technical Publication. Analysis of the 
“Superalloy” data has not yet been 
started. 

The gathering of data under Projects 
DPS (relaxation), DP6 (strength of 
weldments at elevated temperatures), 


000 
- 
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and DP7 (copper-base alloys) is under 
way. 


Gas Turbine Panel (C. T. Evans, chair- 
man): 


Stress-rupture and tension-fatigue 
tests on notched specimens of N-155 
alloy (Project GTP-1) have been prac- 
tically completed and a progress report 
has been received from Battelle Me- 
morial Inst. Results indicate that some 
notch sensitivity may develop in stress 
rupture tests of N-155 of longer duration 
than 300 hr at 1200 F but none was indi- 
cated in tests at 1350 and 1500 F. 

A symposium on the Effect of Cyclic 
Heating and Cyclic Stressing on Metals 
at High Temperatures is planned for the 
1954 ASTM meeting. 

A bibliography on oil ash corrosion 
and related subjects has been compiled 
by Chairman Evans and distributed to 
the Panel members. 

The Technical Advisory Committee 
approved the addition of W. D. Manly, 
Oak Ridge National Laboratory; J. A. 
Cameron, Elliott Co.; E. B. Delgass, 
Socony Vacuum Laboratories; and G. V. 


Smith, U. S. Steel Corp. Research . 


Laboratory, to membership of the Panel. 


General Research Panel (A. J. Herzig, 
chairman): 


The Panel is directing its attention 
to matters bearing on “Basic Effects of 
Environment on Strength, Scaling, and 
Embrittlement of Metals at Elevated 
Temperatures” and may develop a sym- 
posium on the subject. It will participate 
in the symposium planned for 1954 by 
the Gas Turbine Panel. 


Petroleum and Chemical Panel (C. L. 
Clark, chairman): 


Project 8, under R. F. Miller, has 
submitted a preliminary report on “Ef- 


fect of Manufacturing Practice on High- 


Temperature Strength of Carbon-Steel 
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Plate and Pipe” indicating that grain- 
size variations due to melting practice 
have little effect on rupture strength at 
1000 F, but that coarse-grain melting 
practice produced steel having superior 
creep resistance at 1000 F. 

A new project is under way on “High 
Temperature Strength of Welded Joints” 
under the Chairmanship of W. B. Hoyt. 

E. C. Miller, Oak Ridge National 
Laboratory, has been appointed to 
membership in the Panel. 


Steam Power Panel (P.M. Brister, chair-— 
man): 


Project SP2 has been organized and 
bids have been invited for work on 
fundamental information on the “Prop- 
erties of Cast Iron at Elevated Temper- 
atures.” Chairman of the project is J. S. 
Vanick. This work is to comprise a 
compilation and review of available in- 
formation and the testing of irons to 
determine the relative hardness, stress- 
rupture, creep, and thermal-shock re- 
sistance at temperatures up to the A, 
of selected cast irons from Specifications 
A 278. The tests are expected to furnish 
data useful in estimating safe loads for 
elevated temperature service. 

Work under SP3 on the problems as- 
sociated with Type 347 welds in main 
steam service is to be correlated with 
similar work being carried on by the 
Welding Research Council under spon- 
sorship of AEC in order to satisfy the 
needs of the power industry and yet 
avoid duplication of effort. 

The panel is actively interested in the 
use of dissimilar metal joints in main 
steam line service and plans to have two 
or more papers on the subject for the De- 
cember, 1953, Annual ASME Meeting. 

In view of the adequacy of the high 
temperature properties of present chro- 
mium-molybdenum steels in use in power 
plant service and the availability of 
molybdenum under use limitations of 


=> 
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NPA, the study of possible molybdenum 
reduction in this steel has been aban- 
doned. 

E. C. Miller, Oak Ridge National 
Laboratory, and G. V. Smith, U. S. 
Steel Corp. Research Laboratory, have 
been appointed to membership on the 
Panel. 

N. L. Mochel, while retaining panel 
membership, resigned as its chairman 
and was succeeded by Paul M. Brister, 
Babcock and Wilcox Co. 


Low Temperature Panel (Irving Roberts, 
chairman): 

This panel organized the comprehen- 
sive symposium covering five sessions 
and more than 25 papers on the subject 
“Metallic Materials at Low Tempera- 
tures,” as a feature of the current annual 
meeting. 


Test Methods Panel (J. J. Kanter, 
chairman): 

The panel has been active for some 
time on revisions of Recommended 
Practices for Short-Time Elevated-Tem- 
perature Tension Tests of Metallic 
Materials (E 21 — 43), Conducting Long- 
Time High-Temperature Tension Tests 
of Metallic Materials (E 22-41), and 
Conducting Time-for-Rupture Tension 
Tests of Metallic Materials (E 85-50 T). 


Effect of Certain Elements on Graphitiza- 

tion of Steel—Project 29 (J. J. Kanter, 

chairman): 

This Project has been completed with 
a Summary Report from Battelle Me- 


morial Inst. The work covered twelve 
laboratory heats of steel made up of 
three base type 0.20 per cent carbon 
steels—one a pure iron-carbon steel, one 
a pure iron-carbon steel to which 0.25 
per cent chromium had been added, and 
the other a pure iron-carbon steel to 
which 0.6 per cent manganese, 0.20 per 
cent silicon, 0.02 per cent phosphorus, 
and 0.03 per cent sulfur were added. To 
one ingot of each of the three types 
was added nitrogen, to another alumi- 
num, and to another both aluminum 
and nitrogen—the fourth ingot in each 
series had no addition made to it. Speci- 
mens were rolled and then welded pre- 
paratory to exposure at 1025 F for 
periods of up to 8000 hr to induce graphi- 
tization of the carbon. Aluminum, as 
expected, promoted graphitization, nitro- 
gen increased resistance to graphitiza- 
tion at 1025 F. Whether or not the 
aluminum present in the metal exceeded 
the nitrogen content appeared to be a 
factor. Strangely enough, the 0.25 per 
cent chromium steel graphitized more 
readily than the pure carbon-iron steel. 
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Respectfully submitted on behalf of 
the committee, 
F. B. Forey, 
Chairman. 
V. T. MAtcotm, 
Vice-Chairman. 


Howarp C. Cross, 
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The Joint AWS-ASTM Committee on 
Filler Metal has continued active work 
on its assignment to prepare specifica- 
tions for both ferrous and non-ferrous 
arc welding electrodes and gas welding 
rods. A summary of the activities of the 
several subcommittees follows: 

Subcommittee I on Iron and Steel 
Filler Metal (E. H. Turnock, chairman). 
—Tentative Specification ASTM A 233 - 
48 T and AWS A 5.1 — 48 T for mild steel 
arc welding electrodes has been con- 
sidered as still adequately serving its 
purpose, so no work of revision has been 
done. The same is true of Tentative 
Specification ASTM A251-46T and 
AWS A 5.2 -—46 T for iron and steel gas 
welding rods. Both of the above specifi- 
cations will be brought up for recon- 
sideration in the coming year. 

The working group of Subcommittee I 
has held several meetings during the 
past year in preparation of a revised 
specification covering low-alloy steel arc 
welding electrodes. A few points remain 
to be cleared in a meeting scheduled for 
April 22, 1953, prior to submission to the 
full committee and then to the main 
joint committee. The work should be 
completed and the specification pub- 
lished this year. 

Subcommittee III on Aluminum and 
Aluminum Alloy Filler Metal (G. O. 
Hoglund, chairman) has held several 
meetings during the year and is nearing 
completion of its work in preparing 


* Presented at the Por sixth Annual Meeting of the 
une 29-July 3, 1953. 
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tentative specification for aluminum and 
aluminum-alloy welding rods and bare 
electrodes. A meeting is scheduled for 
April 17, 1953, to clear the last few 
points before sending it to the main 
joint committee for approval. Publica- 
tion is expected this year. 

Subcommittee IV on High Alloy Steel 
Filler Metal (R. D. Thomas, Jr., chair- 
man) has held several meetings during 
the past year on preparing a specifica- 
tion on bare corrosion-resisting chro- 
mium and chromium-nickel steel welding 
rods and electrodes. Submission for main 
joint committee approval is anticipated 
soon. It should be published this year. 

The joint specification on corrosion- 
resisting chromium and chromium-nickel 
steel welding electrodes, ASTM A 298 - 
48T and AWS A54-48T, will be 
brought up for review and modification 
this year. 

Subcommittee V on Nickel and Nickel- 
Alloy Filler Metal (O. B. J. Fraser, 
chairman) held one meeting during the 
year, following which a revised specifi- 
cation draft has been prepared for early 
submission to the subcommittee. 

Subcommittee VI on Copper and 
Copper-Alloy Filler Metal (F. E. Garriott, 
chairman).—A newly revised specifica- 
tion for copper and copper-alloy welding 
electrodes, to supersede ASTM B 225 - 
48T and AWS A5.6-48T, is in its 
final stages before being submitted to 
the joint main committee. Publication is 
expected this year. 
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Subcommittee VII on Surfacing Mate- 
rials (H. S. Avery, chairman) has con- 
tinued work on the preparation of a 
tentative specification for electrodes for 
surfacing metals and a tentative specifi- 
cation for welding rods for surfacing 
metals. 

Each of the proposed specifications 
divides the materials into several types 
on the basis of chemical composition, 
with appendices for these various types 
dealing with the properties of the mate- 
rials and the precautions necessary in 
their application. 

Subcommittee VIII on Brazing Filler 
Metal (A. N. Kugler, chairman) com- 
pleted work on the Tentative Specifica- 
tion for Brazing Filler Metal, which has 
been approved by the ASTM Adminis- 
trative Committee on Standards and the 
Board of Directors of AWS. The designa- 


following recommendations: 


Tentative Specification for: 


Revision of Tentative Specification for: 


Silver Solders (B 73 — 29). 
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EpiTor1AL NOTE 


Subsequent to the Annual Meeting, the Joint Committee on Filler Metal pre- 
sented to the Society through the Administrative Committee on Standards the 


Withdrawal of Standard Specification for: 


tions ASTM B260-52T and AWS 
A5.8-52T have been assigned to the 
Specification. The committee’s work 
this coming year will consist of following 
its acceptance by industry and noting 
possible changes to be considered in the 
future. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 64 members; 47 members 
returned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
E. H. Turnock, 
Chairman. 
S. A. GREENBERG, 
Secretary. 


Corrosion-Resisting Chromium and Chromium-Nickel Steel Welding Rods 
and Bare Electrodes (A 371 — 53 T). 


Copper and Copper-Alloy Metal Arc-Welding Electrodes (B 225 - 48 T). 


The recommendation with respect to the withdrawal of Standard Specification 


B73 was accepted by the Standards Committee on September 9, 1953; the 
Tentative Specification A 371 and revision of Tentative Specification B 225 were 
accepted on December 16, 1953. The new Specification A 371 appears in the 1953 
Supplement to Book of ASTM Standards, Part 1, and the revised Specification 
B 225 is available as a separate. 


Committee C-1 on Cement held three 
meetings during the past year: in New 
York, N. Y., June 26, 1952; at Philadel- 
phia, Pa., October 31; and in Detroit, 
Mich., March 4, 1953. 

The Philadelphia meeting was held 
just 50 years after the first meeting of 
the committee, which also took place 
in Philadelphia. On October 30 there was 
a well-attended Anniversary Dinner, 
with appropriate speeches supplemented 
by the remarks of Honorary Members 
of the committee. A souvenir booklet 
commemorating the occasion offered a 
brief review of the history of Committee 
C-1, and contained individual pictures 
of all of the current members of the 
committee. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee C-1 presented to the 
Administrative Committee on Standards 
the following recommendations: 


Revision of Tentative Specification for: 
Air-Entraining Additions for Use in the Manu- 
facture of Air-Entraining Portland Cement 
(C 226-51 T). 
Tentative Revision of Standard Specifications for: 
Masonry Cement (C 91 - 51). 
These recommendations were accepted 
by the Standards Committee under its 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 
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actions of September 5, 1952, and appear 
in the 1952 Book of ASTM Standards, — 
Part 3. 


NEw TENTATIVE 

The committee recommends the ac- 
ceptance of the proposed Tentative 
Method for Mechanical Mixing of Hy- 
draulic-Cement Mortars of Plastic Con- 
sistency as appended hereto.' After long 
interest in and. extensive studies of 
mechanical mixing of standard test 
mortars, this method is now being pro- 
mulgated. The specified mixer has been 
used in numerous cooperative tests, and 
the procedure is based on various closely 
similar methods employed in those stud- 
ies in recent years. The recommended 
tentative is essentially the same as the 
method under consideration as a Federal 
specification. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends revisions — 
for immediate adoption in the following 
standards, and accordingly asks for a 
nine-tenths affirmative vote at the An- 
nual Meeting in order that these recom- 
mendations may be referred to letter 
ballot of the Society: 

Standard Specifications for Portland 
Cement (C 150 — 52).2—In Table II, under 
Air Content of Mortar, change the per 
cent value “15” to read “12” for all 
five types of cement. This change has 


1 The new tentative was accepted by the Society and 
ap = in 1953 Supplement to Book of ASTM Stand- 
ards, Part 3. 

21952 Book of ASTM Standards, Part 3. 


appeared very desirable in order to 
provide an appropriate difference be- 
tween the lower limit for entrained air 

under Tentative Specifications for Air- 

_Entraining Portland Cement (C 175 - 
_ §2T) and the upper limit under 
Specification C 150. The recommended 
change also would effect agreement 
with the Federal specifications on this 
point. 

Standard Specifications for Masonry 
Cement (C91-51).2—Four changes are 
recommended for immediate adoption 
in order to bring the procedure for the 
determination of strength more closely 
in accord with the corresponding pro- 
cedure in the Standard Test for Compres- 
sive Strength of Hydraulic-Cement Mor- 
tars (ASTM Designation C 109). The 
revisions are: 

Section 19 on Apparatus.—Add the 
following new paragraph: 

“‘(h) Tamper.—The tamper shall be made of a 
nonabsorptive, nonabrasive material such as 
medium-hard rubber or seasoned oak wood 
rendered nonabsorptive by immersion for 15 
min in paraffin at approximately 200 C (392 F) 
and shall have a cross-section of 3 by 1 in., and 
a convenient length (5 or 6 in.). The tamping 
face of the tamper shall be flat and at right 
angles to the length of the tamper.” 


Reletter the present Paragraphs (/) 
_ and (i) to read (é) and () respectively. 

Section 24—Delete the present 
wording and replace with: “The flow 
shall be determined in accordance with 
Section 9 of Standard Test for Compres- 
sive Strength of Hydraulic-Cement Mor- 
tars (C 109 52).” 

Section 25.—Deiete the present word- 
ing and replace with: “Molding of test 
specimens shall be in accordance with 
Section 10 of Standard Test for Compres- 
sive Strength of Hydraulic-Cement Mor- 
tars (C 109 - 52).” 

Section 27.—Delete the present word- 
ing and replace with new Paragraphs 
(a)(b)(c) that will read exactly the 
_ same as in Section 12 of Standard Method 
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C 109, except that the first line of Para- 
graph (a) shall read: “Testing of the 
cube specimens will be carried out im- 
mediately after their removal from the 
moist closet for 7-day specimens, and 
from storage water for all other speci- 
mens.” This change in Section 27 relates 
to the testing of the compressive strength 
specimens, and would make the rate of 
loading requirements the same as under 
Standard Method C 109. 


REVISION OF TENTATIVES 


Tentative Method of Test for Bleeding 
of Cement Pastes and Mortars (C 243 - 
52 T).2—The committee recommends the 
acceptance of the revisions given below. 
The changes are designed to effect cer- 
tain desirable refinements in details of 
procedure and provide for the important 
change from hand-mixing to machine 
mixing of the pastes and mortars. The 
revisions are as follows: 

Section 4(a).—In the first part of the 
second sentence, change the present 
batch weights of “1000 g of cement and 
3000 g of natural silica sand” to 750 g 
and 1875 g respectively. In the latter 
part of the same sentence, relating to 
the method of determining the amount 
of mixing water for the mortar, change 
the present flow limits, 100 and 115, to 
read 105 and 110, respectively. 

Section 4(b).—Delete the present first 
sentence that describes hand-mixing and 
substitute therefor the following three 
new sentences and footnote: 


“The mixing shall be done in an epicyclic 
type mechanical mixer having a positive me- 
chanical speed control which can be set to give 
a speed of between 135-150 rpm.* The mixing 
bowl capacity shall be not less than 3 qt and not 
more than 5 qt. A flat type beater designed to 
conform to the mixing bowl shall be used. 


® A mixer such as the Hobart C-10 with proper adapters, 
or the Hobart N-5O0 is considered satisfactory.” 


Appropriate editorial changes will need 


to be made elsewhere in the text where 
required by the foregoing changes. 


Section 6.—Add the following new 
initial paragraph: “(a) Vibratton—The 
bleeding apparatus shall be placed in a 
location and set on a sponge rubber mat 
or equivalent which will serve as a vibra- 
tion damper.” 

Designate the present Section 6 as 
Paragraph “(b) Ventilation.” 

Tentative Method of Test for Air- 
Content of Hydraulic Cement Mortar 
(C 185 —- 50 T).2~—The committee recom- 
mends the acceptance of the revision of 
this tentative method, as appended 
hereto.* The principal revisions are’ the 
substitution of mechanical mixing for the 
earlier hand-mixing of the mortar, and 
the substitution of the flow table for the 
Burmister flow trough. It is felt that 
the mechanical mixing of the standard 
mortar will effect greater reproducibility 
in results than was possible with the 
hand-mixing. The adoption of the flow 
table in place of the Burmister trough 
as the means of determining the amount 
of mixing water for the mortar was 
based chiefly on the greater capability 
of the flow table for adjustment and 
calibration, and also on the fact that this 
change would result in only one piece 
of equipment for determining the con- 
sistency of the standard mortars. The 
flow table is also used in the air-entrain- 
ment test method in the Federal methods 
of testing cement. This revision of Tenta- 
tive Method C 185 was the outgrowth of 
an extensive program of tests, in which 
twelve laboratories participated, using 
seven cements, and studying numerous 
details of procedures and apparatus. 

Tentative Specification for Portland- 
Blast Furnace Slag Cement (C 205 - 51 T).? 
—The committee recommends the ac- 
ceptance of the following revisions. The 
adoption of these changes will make the 
setting time requirements of this specifi- 
cation consistent with those of Standard 
~ 3 The revised tentative was accepted by the Society 


and appears in the 1953 Supplement to Book of ASTM 
Standards, Part 3. 


On CEMENT 


299 


Specification for Portland Cement 
(C 150) and Tentative Specificatidns 
for Air-Entraining Portland Cement 
(C 175 T), and would make use of the re- 
vised Vicat test method. 

Table II, Section 5.—Revise the setting 
time requirements to read as follows: 


Time of Setting Type IS Type IS-A 


Vicat test (Method C 191) 
Set, min, not less than.. 45 45 
Set, hr, not more than... 7 7 


Section 11(f).—Revise to read “Time 
of Setting.—Standard Method of Test for 
Time of Setting of Hydraulic Cement 
by Vicat Needle (ASTM Designation: 
C 191).” 


TENTATIVE REVISION OF STANDARDS 


Standard Method of Test for Fineness of 
Portland Cement by Air Permeability 
Apparatus (C 204 -51).—The committee 
recommends the acceptance of the follow- 
ing tentative revisions in the interest 
of improvement and clarification: 

Section 3(b), Paragraph 2.—Delete 
“pencil or thin” and insert “slightly 
smaller than the cell diameter” after 
“rod” in the first sentence. 

Paragraph 3.—Change 
0.005.” 


Table I.—Insert “Note 3” after “Mer- 
cury” in the title and in the heading of 
Column 2 after “Mercury.” Add the 
following new note just after present 
Note 2. 


“Note 3.—The density of the mercury shall 
be determined.” 


Paragraph 4.—Change 
“0.005.” 

Section 3(e), line 8—Change ‘0.01 g” 
to “0.001 g.” 

Section 3(f), Paragraph (1).—Change 
“Note 3” to “Note 4.” 

Paragraph (3).—Change “Note 4” to 
“Note 5;” “Note 3” to “Note 4;” and 


“0.01” to 


“0.01” to 


“Note 4” to “Note 5.” 


Section 3(g).—Delete the entire sec- 


3(h) as Section 3(g). 
Section 5.—Delete the section and 
replace with the following: 


“Calculation of specific surface values shall 
be made according to the following formulas” : 


(4) 
(5) Sa(l — VT 
Ves VTs (1 — @) 
Ves VTs-Vn (1 — 
(7) Ss — VST 
Ss — VA VT 
(1 — VTs 
where: 
S = the specific surface in sq cm per g of the 


test sample, 

Ss = the specific surface in sq cm per g of the 
standard sample used in calibration of 
the apparatus, 

T = measured time interval, in seconds, of 
manometer drop for test sample (Note), 

Ts = measured time interval in seconds of 
manometer drop for standard sample 
used in calibration of the apparatus 
(Note), 

_ ® = viscosity of air in poises at the temperature 
of test of the test sample (Note), 

ms = viscosity of air in poises at the temperature 
of test of the standard sample used in 
calibration of the apparatus (Note), 

¢ = porosity of prepared bed of test sample 
(Note), 

es = porosity of prepared bed of standard 
sample used in calibration of apparatus 
(Note), 

p = specific gravity of test sample (for portland 
cement a value of 3.15 shall be used), 
and 

pe = specific gravity of standard sample used in 
calibration of apparatus (assumed to be 
3.15). 

Nore.—Values for and may 
be taken from Tables I, II, and III respectively. 
Equations 3 and 4 shall be used in calcula- 
tions of fineness of portland cements compacted 


to the same porosity as the standard fineness 
sample. Equation 3 is used if the temperature of 
test of the test sample is within +3 C of the 
temperature of calibration test of the standard 
fineness sample, and Eq 4 is used if the 
temperature of tests is outside of this range. 

Equations 5 and 6 shall be used in calcula- 
tion of fineness of portland cements compacted 
to some porosity other than that of the standard 
fineness sample used in the calibration test. 
Equation 5 is used if the temperature of test of 
the test sample is within +3 C of the tempera- 
ture of calibration test of the standard fineness 
sample, and Eq 6 is used if the temperature of 
tests is outside of this range. 

Equations 7 and 8 shall be used in calculation 
of fineness of materials other than portland 
cement. Equation 7 shall be used when the 
temperature of test of the test sample is within 
+3 C of the temperature of calibration test of 
the standard fineness sample, and Eq 8 is used 
if the temperature of tests is outside of this 
range. 


Standard Specification for Masonry 
Cement (C91 -51)?.—The committee rec- 
ommends the acceptance of the following 
tentative revision in order to provide a 
more stringent soundness test require- 
ment for masonry cement. The recom- 
mendation is made after a considerable 
period of tests and consideration. 

Section 3.—Delete and replace with 
the following new section: 


“Masonry cement of each of the two types 
shown under Section 4 shall not expand more 
than 1 per cent when tested as prescribed in 
Section 18.” 


Section 18.—Delete and replace with 
the following new section: 


“Soundness shall be determined by the 
Standard Method of Test for Autoclave Ex- 
pansion of Portland Cement (ASTM Designa- 
tion: C 151), except that after molding the bars 
shall be stored in moist cabinet for 48 hr + 30 
min; then an initial length measurement shall 
be made and the bars be returned to moist 
cabinet storage for an additional 5 days, at the 
end of which time the bars shall be autoclaved. 
The difference between the length of the test 
specimen at 48 hr and the length after auto- 
claving at the age of 7 days shall be calculated to 
the nearest 0.01 per cent of the effective gage 
iength, and shall be reported as the autoclave 
expansion of the cement.” 
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ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
following tentative revisions of standards 
be adopted as standard? 

Standard Specification for Masonry 
Cement (C 91-51). This revision relates 
to packaging and marking and was 
mentioned earlier in this report as hav- 
ing been accepted by the Administrative 
Committee on Standards. 

Standard Method of Test for Portland 
Cement by the Turbidimeter (C 115 - 42). 
This tentative revision was issued June, 
1951. 

Standard Method of Test for Heat of 
Hydration of Portland Cement (C 186 - 
49). This tentative revision was issued 
March, 1950. 

Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 151 - 
49). The tentative revision was issued 
September, 1951. 

Standard Methods of Chemical Analysis 
of Portland Cement (C 114-47). This 
tentative revision was issued September, 
1951. 

Standard Specification for Portland 
Cement (C 150-52). These tentative 
revisions were related to the SO; content 
and the fineness, and were issued Sep- 
tember, 1951 and January, 1952 re- 
spectively. 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends the adop- 
tion as standard of the Tentative Specifi- 
cation for Air-Entraining Portland Ce- 
ment (C 175 —52T),? which was issued in 
1942 and has been revised several times 
since then. 

‘the committee also recommends the 
adoption as standard of the definition 
of the term “Addition,” which forms part 
of Tentative Definitions of Terms Re- 
lating to Hydraulic Cement (C219- 
51 T).2 The remainder of this tentative 
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is being recommended elsewhere in this 
report for retention as tentative. : 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
following tentatives? be continued as 
tentative without revision, except for 
certain noted editorial revisions: 
Tentative Methods of Test for: 

Calcium Sulfate in Hydrated Portland Cement 

Mortar (C 265 — 51 T), 

Time of Setting of Hydraulic Cement by Gill- 

more Needles (C 266-51 T), 

Time of Setting of Hydraulic Cement in 

Mortar (C 229 - 51 T), and 
Sodium Oxide and Potassium Oxide in Portland 

Cement by Flame Photometry (C 228 - 49 T). 


Tentative Methods of Chemical Analysis of: 


Portland Cement (C 114-51 T), consisting of 
the methods for Vinsol Resin, Darex, and 
Titanium Oxide. 


Definition of the term ‘“Pozzolan,” 
subject to editorial change of the words 
“siliceous or aluminous” to read “silice- 
ous or siliceous and aluminous.” This 
definition forms part of Tentative Defini- 
tions of Terms Relating to Hydraulic 
Cements (C 219 -51T)*. The other part of 
that tentative is being recommended for 
advancement to standard elsewhere in 
this report. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Sponsoring Committee on Portland Ce- 
ment (C. H. Scholer, chairman) has been 
studying specification questions, par- 
ticularly those relating to the limits for 
air-entrainment. The work has resulted 


in a number of recommendations affect- 


4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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ing standards and now presented in this 
report. 

Sponsoring Commiliee on Masonry 
Cement (E. J. Wechter, chairman) has 
reviewed details of specifications and 
has presented recommendations affecting 
standards, particularly the tentative 
revision of specification C 91, providing 
an autoclave test requirement for ma- 
sonry cement. 

Sponsoring Commiitee on Blended Ce- 
ment (L. R. Forbrich, chairman) has 
actively continued its study of specifica- 
tions for fly ash and for portland- 
pozzolan cements. Recommendations 
were made affecting tentative specifica- 
tion C 205. 

Editorial Committee (W. J. McCoy, 
chairman) has continued its review of 
proposed new standards and revisions 
in standards and also handled the prep- 
aration of the Fiftieth Anniversary 
booklet. 

Working Committee on Methods of 
Chemical Analysis (W. C. Hanna, chair- 
man) is considering questions relating 
to flame photometry and is continuing 
its search for a better method for man- 
ganese removal in the analysis of cement. 

Working Committee on Volume Change 
and Soundness (Herbert Insley, chair- 
man) has studied details relating to the 
methods under its supervision, and has 
made recommendations affecting Method 
C 151. 

Working Committee on Sulfate Re- 
sistance (William Lerch, chairman) has 
continued its study of the significance 
of the results of the recent extensive 
series of cooperative tests sponsored by 
the subcommittee. 

Working Committee on Time of Setting 
(E. E. Berger, chairman) has been en- 
gaged in the study of questions relating 
to the test methods within the scope of 
activity of this subcommittee. 

Working Committee on Heat of Hydra- 
tion (W. J. McCoy, chairman) is en- 
gaged in the further study of a rapid, 
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simplified procedure that is similar to 
the method in the recent Federal Specifi- 
cations SS-C-158c. 

Working Commitiee on Bleeding, Plas- 
ticity and Workability (H. L. Kennedy, 
chairman) has studied variables in- 
volved in Method C 243 and has 
offered recommendations affecting that 
method, including the substitution of 
mechanical mixing for hand mixing of 
the mortars. 

Working Committee on Fineness (R. L. 
Blaine, chairman) has offered revisions 
affecting Method C 204 and has con- 
tinued its study of methods for deter- 
mining fineness and density of finely 
powdered materials. 

Working Commitiee on Strength (C. E. 
Wuerpel, chairman) has reviewed the 
recently proposed tests for flexural 
strength of mortars and for the compres- 
sive strength of mortars using portions 
of the prisms broken in flexure. The sub- 
committee has also outlined a series of 
cooperative tests to determine the effect 
of substituting mechanical mixing in 
place of hand mixing in preparing the 
mortars for these two tests and also for 
the standard (C 109) test for compressive 
strength of mortar cubes. It is expected 
that nine laboratories will participate in 
the proposed series of tests, using about 
25 cements. 

Working Committee on Additions (H. 
W. Russell, chairman) has contributed 
a number of proposed revisions in Specifi- 
cation C 226, which recommendations 
were accepted by the Administrative 
Committee on Standards. 

Working Committee on Coordination of 
Methods of Test (J. R. Dwyer, chairman) 
reviewed the methods and apparatus 
used and the data secured in some of the 
cooperative mortar tests in which me- 
chanical mixing had been included. As 
a result of the study, the subcommittee 
assembled a recommended uniform 
specification for the apparatus and 
method to be used in mixing standard 


we 


mortars. It is hoped that the mechanical 
mixing will greatly aid in securing more 
uniform results in the various tests of 
standard mortars, and the proposed 
method is appended to this report as a 
recommended new tentative.’ 


Working Committee on SO3 Content 
(H. S. Meissner, chairman) has been 
considering the experience thus far in 
the use of Method C 265 — 51 T asa test 
for calcium sulfate in hydrated portland- 
cement mortar. Certain features of the 
method are to be studied by the sub- 
committee in a cooperative series of tests. 


Working Commitiee on Methods of 
Test for Air-Entrainment (H. K. Cook, 
chairman) issued a report of the results 
obtained in the extensive cooperative 
test program in which 12 laboratories 
had used 7 cements in studying numerous 
details of apparatus and methods em- 
ployed in the determination of entrained 
air in standard mortar. As a result of 
those studies, the subcommittee offered 
the revision of Method C 185, as ap- 
pended hereto.’ 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee C-1 presented to the Society 
through the Administrative Committee on Standards the followi ing recommenda- 


tions: 


Tentative Revision of Standard: 


Specifications for Masonry Cement (C 91-51), and 
Method of Test for Normal Consistency of Hydraulic Cement (C 187 — 49). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 9, 1953, and the tentative revisions appear in the 1953 Supplement to 


Book of ASTM Standards, Part 3. 


Subcommittee on Cement Reference Lab- 
oratory (G. E. Warren, chairman) re- 
ported that the laboratory is continuing 
its regular inspection service among 
cement laboratories, and has arranged 
for the early distribution of a compara- 
tive test sample to an estimated 200 
interested laboratories The labora- 
tory has collaborated with various 
other subcommittees in matters related 
to apparatus and methods and has begun 
the necessary editing for the next edition 
of “ASTM Standards on Cement.” 
Numerous samples of the flow table 
calibration material had been distributed. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members, of whom 
74 have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 

R. R. LiTEHIsER, 
Chairman. 
W. S. WEAVER, ; 
Secretary. 
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Committee C-2 on Magnesium Oxy- 
chloride Cements met twice during the 
year: on June 26, 1952 in New York, 
N. Y., and on May 5, 1953, in Washing- 
ton, D. C. 

Of special interest to the committee 
is the action taken at the last meeting 
of Sectional Committee A88 on Mag- 
nesium Oxychloride Cement Flooring, 
of the American Standards Association. 
This Committee recommended that all 
ASTM Standards on Magnesium Oxy- 
chloride and Magnesium Oxysulfate 
Cements be submitted to ASA for con- 
sideration and approval as American 
Standards. 


ADOPTION OF TENTATIVES AS STANDARD 


Committee C-2 recommends that the 
following two tentatives be adopted as 
standard by the Society without re- 
vision: 

Tentative Specifications for: 


Magnesium Chloride (C 276-51 T),! and 
Magnesium Sulfate (C 277 51 


* Presented at the +. sixth Annual Meeting of 


the Society, June 29-Jul, 
11952 Bs of Standards, Part 3. 


REPORT OF COMMITTEE C-2 
ON 


_ MAGNESIUM OXYCHLORIDE AND MAGNESIUM OXYSULFATE 
CEMENTS* 


TENTATIVE CONTINUED 
WITHOUT REVISION 
The committee recommends that the 
following tentative be continued eal 
out revision: 


Tentative S pecification for: 
Oxychloride Magnesia (C 275 - 51 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.” 


This report has been submitted to 
letter ballot vote of the committee, 
which consists of 20 members; 17 mem- 
bers returned ballots, of whom 15 have 
voted affirmatively and 0 negatively. 


Respectively submitted on behalf of 
the committee, 


J.B. James, 


Secretary. 


L. S. WELLs, 
Chairman. 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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REPORT OF COMMITTEE C-3 


ON 


CHEMICAL-RESISTANT MORTARS* 


Committee C-3 on Chemical-Re- 
sistant Mortars held three meetings dur- 
ing the year: in New York, N. Y., June 
25, 1952, in connection with the 1952 
Annual Meeting of the Society; at 
ASTM Headquarters, Philadelphia, Pa., 
October 29, 1952; and in New York, 
N. Y., March 11, 1953. 

The membership of Committee C-3 
now consists of 23 members, of whom 10 
are classified as producers, 6 as consum- 
ers, and 7 as general interest members. 
There are 4 consulting members. 


New TENTATIVES 


The committee recommends that the 
following three methods be accepted for 
publication as tentative, as appended 
hereto:! 


Tentative Methods of Test for: ° 


Compressive Strength of Resin Type Chemical- 
Resistant Mortars, 

Tensile Strength of Resin Type Chemical-Re- 
sistant Mortars, and 

Working and Setting Times of Resin Type 
Chemical-Resistant Mortars. 


CONTINUATION OF TENTATIVE 
WITHOUT REVISION 


The committee recommends that the 
Tentative Method of Test for Chemical 
Resistance of Hydraulic-Cement Mor- 
tars (C 267 —- 51 T) be retained as tenta- 
tive. 


“© Presented at the ve: sixth Annual Meeting of 
the Phe June 28-July 3, 1953. 


he new tentatives were A by the Society and ~ 


oe in the 1953 Supplement to Book of ASTM Stand- 
Part 3 


The recommendations appearing in 
this report have been submitted to letter 
ballot of .the committee, the results of 
which will be reported at the Annual 
Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VIII on Bond Strength 
(J. R. Allen, chairman) reports that the 
development of a new test method for 
bond strength has been completed and 
will be submitted to the committee for 
consideration during the ensuing year. 

Subcommitiee IX on Chemical Re- 
sistance (R. H. Steiner, chairman).— 
A test method for chemical resistance 
has been formulated and submitted to 
the committee for consideration. Several 
organizations are making duplicate tests 
to confirm the results obtained to date 
with this procedure. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 23 members; 17 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
BEAUMONT THOMAS, 


y os 


Chairman. 


J. R. ALLEN, 
Secretary. 


2 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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Committee C-4 held one meeting 
during the year on June 24, 1952, at the 
time of the Annual Meeting of the 
Society. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 

Subsequent to the 1952 Annual Meet- 
ing, Committee C-4 presented to the 
Society through the Administrative 
Committee on Standards proposed Ten- 
tative Methods of Testing Clay Pipe. 
The methods were accepted by the 
Standards Committee on September 5, 
1952, and appear in the 1952 Book of 
ASTM Standards, Part 3, bearing the 
designation C 301 - 52 T. 

The description of the test procedures 
appearing in the clay pipe specifications 
(C 13-50T, C200-50T, C 211-50, 
C 261 - 50 T and C 278 — 51 T) were de- 
leted editorially in 1952 and replaced by 
references to the new tentative methods. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Specifications (J. 
O. Everhart, chairman) was instructed 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 29-July 3, 1953. 


tions: 
Tentative Specification for: 

Clay Flue Lining (C 315 - 53 T). 
Revision of Tentat 


Specification for: 


Epitor1aAL Note 


Subsequent to the Annual Meeting, Committee C-4 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


Extra Strength Clay Pipe (C 200-50 T). 


These recommendations were accepted by the Standards Committee on Septem- 
ber 9, 1953, and the new and revised tentative specifications appear in the 1953 
Supplement to Book of ASTM Standards, Part 3. 
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REPORT OF COMMITTEE C-4 
ON 
CLAY PIPE* 


to give further study to certain provi- 
sions of the test procedures shown in 
Tentative Methods of Testing Clay Pipe 
(C 301 - 52 T). 

Subcommittee III on Clay Flue Lining 
(Wendell Anderson, chairman) has made 
some progress in the dimensional field as 
the first step toward developing a draft 
of standards for clay flue linings. The 
subcommittee was instructed to prepare 
a recommended list of standard sizes of 
flues to be published in the ASTM 
BULLETIN for information purposes only 
and to solicit recommendations. 


This report has been submitted to 
letter ballot of the Committee, which 
consists of 30 members; 26 members 
returned their ballots, of whom 25 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Joun C. RIEDEL, 
Chairman. 


RoBeErt E. Scott, 
Secretary. 
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REPORT OF COMMITTEE C-7 
ON 

LIME* 


Committee C-7 on Lime held two 
meetings during the past year: the first at 
New York, N. Y., on June, 1952, during 
the 1952 Annual Meeting, and the 
second in Detroit, Mich., on March 6, 
1953, during ASTM Committee Week. 
The committee now consists of 22 pro- 
ducers, 19 general interest members, 
and 6 consumers. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee C-7 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 

Revision and Reversion to Tentative of: 


Standard Specification for Sand for Use in 
Plaster (C 35 - 39), and 
Standard Specification for Quicklime (C 53 - 39). 
These recommendations were ac- 
cepted by the Standards Committee on 
September 5, 1952, and December 12, 
1952, respectively, and appear in the 1952 
Book of ASTM Standards, Part 3. The 
revision of Specification C 35-39 was 
prepared jointly with Committee C-11. 


TENTATIVE REVISION OF STANDARD 


The committee recommends as a tenta- 
tive revision of the Standard Methods 
of Physical Testing of Quicklime and 
Hydrated Lime (C 110-49)! the follow- 
ing new procedure for determining the 
settling rate of hydrated lime to be 
added, when adopted, at the end of the 
methods as Section 18: 


18. Settling Rate of Hydrated Lime: (a) 
Procedure.—Place 10.0 g of lime hydrate in a 


100- ml glass-stoppered graduate cylinder (in- 


* Presented at he Meeting of the 
Society, June 28- 
11952 Book of AST ° A Ti Standards, Part adi 


ternal diameter about 2.4 cm). Wet with 50 
ml of CO,-free distilled water at 73 + 3 F and 
mix thoroughly by alternately inverting and 
righting the cylinder slowly for a period of 2 
min. Allow the graduate and contents to stand 
at 73 + 3 F for 30 min and then make up to 
the 100-ml mark with CO:-free distilled water 
at 73 + 3 F. Mix contents again thoroughly as 
before and allow to stand undisturbed at 73 F + 
3 F for 24 hr. 

(b) Report.—Report the sedimentation height 
in milliliters after }, 4, 3, 1, 2, 4, and 24 hr, 
reading the bottom of the meniscus. 

Note.--Slight variations in results of this 
test on a sample run in different laboratories or 
by different operators are permissible. The test 
is not an absolute one, but is designed to dis- 
tinguish between fast and slow settling hydrates. 


The recommendation appearing in 
this report has been submitted to 
letter ballot of the committee, the results 
of which will be reported at the Annual 
Meeting.” 


SUBCOMMITTEE ACTIVITIES 


The subcommittees are developing a 
new specification for lime for soil stabili- 
zation, undertaking round-robin tests on 
various autoclave tests for soundness of 
limes, and checking new available lime, 
iron, and versenate methods of tests for 
lime. 


This report has been submitted to 
letter ballot of the committee; 35 mem- 
bers returned their ballots, of whom 34 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
James A. Murray, 
Chairman. 
Rosert S. Boynton, 
Secretary. 
2 The letter ballot vote on this recommendation was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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REPORT OF COMMITTEE C-7 


Eprtor1aL Note 
Subsequent to the Annual Meeting, Committee C-7 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 
Revision of Tentative Specifications for: 7 
Inorganic Aggregates for Use in Interior Plaster (C 35 - 52 T).* 
Modification of Tentative Revision of: 


Standard Specifications for Hydraulic Hydrated Lime for Structural Purposes _ 
(C 141 - 42). 


Withdrawal of Standard Specifications for: 
Quicklime and Hydrated Lime for Usein the Textile Industry (C 48 — 24). a 


These recommendations were accepted by the Standards Committee on Sep- 
tember 9, 1953, and the revised tentative and tentative revision appear in the 
1953 Supplement to Book of ASTM Standards, Part 3. 


* Jointly with Committee C-11 on Gypsum 7 - 
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REFRACTORIES* 


Committee C-8 on Refractories has 
held two meetings during the past year: 
the eighty-second at French Lick 
Springs, Ind., on September 12, 1952, 
and the eighty-third in Detroit, Mich., 
on March 4, 1953. 

The committee has lost by death 
Hewitt Wilson of the Bureau of Mines; 
by retirement, B. A. Hollenbeck of 
Standard Oil Development Co.; and by 
resignation, J. W. Whittemore of Virginia 
Polytechnic Inst. New members are 
A. J. Metzger of Virginia Polytechnic 
Inst. and the Special Refractories Assn., 
represented by G. B. Remmey, who was 
previously a personal producer member. 

The present membership is 36, of 
whom 20 are classified as producers, 10 
as consumers, and 6 as general interest 
members. 


TENTATIVE REVISION OF STANDARDS 


Methods of Test for Cold Crushing 
Strength and Modulus of Rupture of 
Refractory Brick and Shapes (C 133 - 49). 
—The committee recommends the fol- 
lowing tentative revision: 

Section 8, Test Specimens.—Add the 
following sentence: “An original surface, 
preferably unbranded, shall be used 
whenever possible for the tension face, 
that is, the face in contact with the two 
bottom bearing cylinders.” 

Definitions of Terms Relating to Re- 
fractories (C 71 -—51)..—The committee 

* Presented at the 4g 1. Annual Meeting of 


the Society, June 29-July 3 
11952 Book of ASTM Soteeds, Part 3. 
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recommends the following tentative re- 
visions: 
Replace the definition of “Refractories 


(noun)” with the following: “Materials, 
usually non-metallic, used to withstand 
high temperature.” Replace the defini- 
tion of “Refractory (adjective)” with 
the following: “Resistant to high tem- 
perature.” 


ADOPTION OF TENTATIVE REVISION AS 
STANDARD 


fractories (C'71-51)'—The committee 
recommends adoption as standard of the 
following tentative revision: 

Delete the present definition for 
“Spalling of Refractories,” including the 
Note, and replace it with the tentative 
revision issued June, 1951.! 


Definitions of Terms Relating to i 


REAFFIRMATION OF STANDARDS 


The committee recommends that the 
following standards' which have stood 
without revision for six or more years" 
be reaffirmed as standard: 

Standard Specifications for: 
Ground Fire Clay as a Mortar for Laying-Up 


Fireclay Brick (C 105 - 47), 


Fireclay Plastic Refractories for Boiler and 
Incinerator Services (C 176 - 47), and 

Air-Setting Refractory Mortar (Wet Type) for 
Boiler and Incinerator Services (C 178 - 47). 


Standard Classification for: 
Insulating Fire Brick (C 155 - 47). 
Standard Method of Test for: 


True Specific Gravity of Refractory Materials 
(C 135 - 47), 
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Workability Index of Fireclay Plastic Refrac- 
tories (C 181 - 47), 

Thermal Conductivity of Insulating Fire Brick 
(C 182 - 47), 

Bonding Strength of Air-Setting Refractory 
Mortar (Wet Type) (C 198 - 47), 

Refractoriness of Air-Setting Refractory Mortar 
(Wet Type) (C 199 - 47), 

Thermal Conductivity of Refractories (C 201 - 
47), and 

Thermal Conductivity of Fireclay Refractories 
(C 202 - 47). 


CONTINUATION OF TENTATIVES WITHOUT 
REVISION 


The committee recommends that the 
following tentatives' which have stood 
without revision for two or more years 
be retained as tentative: 


Tentative Methods of Test for: 


Modulus of Rupture of Castable Refractories 
(C 268 - 51 T), and 

Permanent Linear Change on Firing of Castable 
Refractories (C 269 - 51 T). 


EDITORIAL CHANGES 


The committee recommends that the 
following three methods be editorially 
revised as indicated: 

Methods of Chemical Analysis for 
Refractory Materials (C 18-52),) and 
Method of Test for Pyrometric Cone 
Equivalent (P.C.E.) of Refractory Mate- 
rials (C 24 — 46).\— Add to Section 3 of 
C 18, and to Section 2(a@) of C 24, the 
following sentence: “Precautions shall be 
taken to prevent contamination of the 
sample by steel particles from the 
sampling equipment during crushing or 
grinding.” 

Tentative Method of Test for Disintegra- 
tion of Fireclay Refractories in an Atmos- 
phere of Carbon Monoxide (C 288-52 T):' 

Section 2(c).—Add the following note: 


Note.—As a precaution against the possi- 
bility of tank explosions, the tanks should be 
stored and used outdoors or in a separate 
building designed to reduce the explosion 
hazard. 

As a matter of record the committee 
records below editorial changes which 
have been made in this method. 
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Section 3(b).—The sentence now read- 
ing “The size of the specimens shall be 
9 in. long and 23 or 3 in. in cross-section,” 
shall read “The size of the specimens 
shall be 9 in. long and 23 or 3 in. square 
in cross-section.” 

Section 5.—Change to read as follows: 


5. Report. Report the condition of each 
specimen at each inspection by describing the 
extent of any spotting and indicating the degree 
of disintegration classified as follows: 

(1) Unaffected, when no particles spall and no 
cracking occurs, 

(2) Slight disintegration, when spalls are less 
than } in. in diameter and cracking is slight, 

(3) Partial disintegration, when spalls are 
larger than $ in. in diameter and cracking is 
considerable, or 

(4) Complete disintegration, when the speci- 
men is broken into more than four large pieces. 


The committee requests that all stand- 
ards under jurisdiction of Committee C-8 
be recommended to the American Stand- 
ards Association for adoption as Ameri- 
can Standard. 


The recommendations appearing in 
this report have been approved by letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Industrial Survey 
(R. P. Stevens, chairman) has made 
progress with revision of surveys now in 
the Manual and preparation of new 
items for the next edition. Nine surveys 
are now on the agenda. 

Subcommittee II on Research (S. M. 
Swain, chairman) has presented a series 
of problems for research connected with 
the testing of refractories. These are be- 
ing published in the ASTM Buttetin.* 

Subcommittee III on Tests (S. M. 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 

3 ASTM Buttetin, No. 191, July, 1953, p. 42; No. 192, 
September, 1953, p. 24; No. 193, October, 1953, p. 23; No. 
194, December, 1953, p. 40. 
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Phelps, chairman) has approved the 
recommendations on methods of tests 
given elsewhere in this report. 

Section (A) on Load (L. J. Trostel, 
chairman) has continued its study of the 
methods and has recommended one re- 
vision. It is looking into the measure- 
ment of modulus of rupture of trape- 
zoidal and circle brick. 

Section B on Spalling (R. S. Bradley, 
chairman) is examining the effects of 
rate of heating on the spalling test, and 
considering a spalling test for high-fired 
blast-furnace brick. Search for a mortar 
for the spalling panel has turned up 
nothing better than the kaolin now in 
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use. 
Section C on Temperature (J. L. 
Carruthers, chairman) has decided 


against eliminating the operation of re- 
moving iron, introduced by crushing or 
grinding, by means of a magnet, ‘as had 
been previously recommended. The Sec- 
tion believes that the present unintended 
removal of magnetic material such as 
magnetite, which forms part of the 
specimen, will have less effect on the 
P.C.E. test than would be produced by 
leaving particles of iron or iron alloys in 
the sample. At the same time a warning 
is being added editorially, calling atten- 
tion to the importance of using 
machinery and methods that will not 
introduce abnormal amounts of iron. 
Section E on Analysis (H. A. Heilig- 
man, chairman) is starting a cooperative 
study of the determination of alkalies in 
refractories by the flame photometer 


; ~~ Subsequent to the Annual Meeting, Committee C-8 presented to the Society 

through the Administrative Committee on Standards a proposed Tentative 

Classification for Single- and Double-Screened Ground Refractory Materials. This 

_ recommendation was accepted by the Standards Committee on September 9, 1953, 

and the new tentative classification appears in the 1953 Supplement to Book of 
} ASTM Standards, Part 3, bearing the designation C 316-53 T. 


EpiTorRIAL NOTE 


Subcommittee IX on Classifications — 
(A. H. Couch, chairman) has begun 
work on a revision of the Standard 
Classification of Fireclay Refractories 
(C 27-41), which will give more de- 
tailed classifications. The subcommittee 
completed a proposed Tentative Classi- 
fication for Single and Double Screened 
Ground Refractory Materials which has 
been accepted by the Committee and 
will be presented to the Society through 
the Administrative Committee on Stand- 
ards. 

Subcommittee XV on Basic Granular 
Refractories (J. J. Hazel, chairman) has 
begun a study of tests for refractory 
dolomite, as the first of the materials 
coming under its jurisdiction. 

A special subcommittee on defining 
what is meant by a Classification (J. D. 
Sullivan, chairman) has cooperated with 
the Administrative Committee on Stand- 
ards in the development of a definition 
which has now been approved by the Ad- 
ministrative Committee for useby ASTM 
Technical Committees. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 36 members, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
RoBErT B. SOSMAN, 
Chairman. 
W. R. Kerr, 
Secretary. 


REPORT OF COMMITTEE C-9 
ON 
CONCRETE AND CONCRETE AGGREGATES* 


Committee C-9 on Concrete and Con- 
crete Aggregates held three meetings 
last year: on June 27, 1952, during the 
Annual Meeting of the Society in New 
York, N. Y.; on October 9, 1952, at 
Philadelphia, Pa.; and on March 6, 1953, 
in Detroit, Mich., during Committee 
Week of the Society. 

On July 30, 1952, the committee suf- 
fered the loss through death of Harry 
J. Love, who had been an active member 
since 1918 and an Honorary Member 
since 1949. 

The Sanford E. Thompson Award, 
established by the committee in 1938 in 
honor of its first chairman, is made for 
a paper of outstanding merit on concrete 
and concrete aggregates presented be- 
fore the Society. The award this year 
will be made to Mrs. Katharine Mather, 
Waterways Experiment Station, Corps 
of Engineers, for her paper entitled 
“Applications of Light Microscopy in 
Concrete Research,” which was pre- 
sented at the 1952 Annual Meeting.’ 


New TENTATIVES 


The committee recommends that the 
following be accepted for publication as 
tentative, as appended hereto: 


Tentative Methods of: 


Test for Resistance of Concrete Specimens to 
Slow Freezing in Air and Thawing in Water, 
and 

Test for Fly Ash as an Admixture for Portland- 
Cement Concrete. 


* Presented at the Fifty-sixth Annual Meeting of 
the Society June 3, 1953. 
lished posium on Loe Microscopy, is- 
sued a as (cation ASTM P No. 143. 
These new tentatives were accepted by the Society 
and soreer in in = 1953 Supplement to Book of ASTM 
tan 


Tentative Specifications for: 


Liquid Membrane-Forming Compounds for Cur- 
ing Concrete. 


REVISION OF TENTATIVES 


The committee recommends for re- 
vision and continuation as tentative the 
following: 

Tentative Method of Test for Water 
Retention Efficiency of Liquid Mem- 
brane-Forming Compounds and Imperme- 
able Sheet Materials for Curing Concrete 
(C 156 - 52 T): 

Section 2.—In Paragraph (6), delete 
Note 2 relative to the use of MgCl, for 
control of humidity ‘in curing cabinet. 

Section 4.—Terminate the first sen- 
tence after “tamped 50 times,” thereby 
eliminating reference to Section 2(c) 
which is to be deleted (as recommended 
above). 

Section 7.—In the fifth line of Para- 
graph (a), after “brush” and before 
“(Note 1),” insert the following sentence: 


If surface water appears upon brushing, the 
specimen shall be returned to the cabinet and 
removed therefrom immediately upon disap- 
pearance of the surface water brought to the 


surface by the brushing operation, and again 
brushed. 


Delete the last sentence of Paragraph 
(a) which reads, “The specimen shall 
then be returned to the cabinet.” This 
requirement would be incorrect since the 
specimen at this point is ready to be 
weighed, covered with the curing ma- 
terial, and then returned to the cabinet. 
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In Paragraph (5) delete the first sen- 
tence as it is no longer applicable. 

Tentative Method of Test for Bleeding 
of Concrete (C 232 - 49 T).'—Replace 
this method with the revised version ap- 
pended to this report.‘ 


EDITORIAL REVISION 


The committee recommends the fol- 
lowing editorial changes in two tenta- 
tives: 

Tentative Method of Test for Fundamen- 
tal Transverse and Torsional Frequencies of 
Concrete Specimens (C 215 52 T).2— 
Editorially revise to insert the word 
“Dynamic” in six places in Section 6. 

(1) Before “Young’s” in line 1 of 
Section 6(a), 

(2) Before “E” in the first equation, 

(3) Before “E” and before ““Young’s” 
in the definition of “E,” 
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ard as set forth below, and accordingly 
asks for the necessary nine-tenths af- 
firmative vote at the Annual Meeting 
in order that these revisions may be re- 
ferred to letter ballot of the Society: 

Standard Methods of Test for Abrasion 
of Graded Coarse Aggregate by Use of the 
Deval Machine (D 289 

Section 5(a).—Add to the table the 
following: 


. | Passing | Retained | Percentag 
Grading Sieve On Sieve | of — -¥ 
in. No. 4 50 


This method is under joint jurisdiction 
of Committees C-9 and D-4 on Road 
and Paving Materials and both com- 
mittees have agreed upon this recom- 
mendation. 


(4) Before “Modulus” in line 1 of REVISION OF STANDARD AND 


Section 6(d), 

(5) Before ‘‘G” in the second equation, 
and 

(6) Before ““G” and before “modulus” 
in the definition of “G.” 

Tentative Method of Testing Air-En- 
training Admixtures for Concrete (C 233 - 
$2 T)? 

Editorially revise as follows.—Sec- 
tion 2(c), last sentence:—Delete- the 
word “commercially.” 

Footnote 4.—Delete the word ‘“‘neu- 
tralized” and add the following sentences 
to the footnote: 


“Neutralization may be accomplished by 
treating 100 parts of the Vinsol resin with 9 to 
15 parts of NaOH by weight. In an aqueous 
solution, the ratio of water to the resinate shall 
not exceed 12:1 by weight.” 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
The committee recommends for im- 
mediate adoption, revisions of a stand- 
4 The revised method was accepted by the Society and 


appears in the 1953 Supplement to Book of ASTM Stand- 
Part 3. 


REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Method of Test for Coal and 
Lignite in Sand (C 123 - 44) be with- 
drawn and replaced by the Tentative 
Method of Test for Lightweight Pieces 
in Aggregate as appended hereto.* 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
Tentative Specifications for Waterproof 
Paper for Curing Concrete (C 171 - 
49 T),? which have stood without re- 
vision for four years, be adopted as 
standard. 


CONTINUATION OF TENTATIVES 
WITHOUT REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years 
be retained as tentative: 


Tentative Methods of Test for: 


Soundness of Aggregates by Use of Sodium Sul- 
fate or Magnesium Sulfate (C 88 - 46 T), 
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Air Content (Volumetric) of Freshly Mixed 
Concrete (C 173 - 42 T), 

Comparing Concretes on the Basis of the Bond 
Developed with Reinforcing Steel (C 234 - 
49 T), and 

Soft Particles in Coarse Aggregates (C 235- 
49 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


SUBCOMMITTEE ACTIVITIES 


The work of Committee C-9 is car- 
ried out by three groups of subcommit- 
tees: Group I, Administration, Fred 
Hubbard, chairman; Group II, Re- 
search, A. T. Goldbeck, chairman; and 
Group III, Specifications and Test 
Methods, Stanton Walker, chairman. 


5 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


tions: 


Tentative Specification for: 


These recommendations were accepted by the Standards Committee on Decem- 
ber 16, 1953, and the new tentative specifications appear in the 1953 Supplement 


to Book of ASTM Standards, Part 3. 
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EprrorrAL Note 


Subsequent to the Annual Meeting, Committee C-9 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


Lightweight Aggregates for Concrete Masonry Units (C 321-53 T), and 
Lightweight Aggregates for Structural Concrete (C 130 — 53 T). 


All the subcommittees have been ac- 
tive during the year, and many of those 
that have not been responsible for recom- 
mendations included in this report may 


be expected to have recommendations 
in the near future. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 99 voting members, plus 6 
honorary members having voting -priv- 
ileges; 91 members returned their bal- 
lots, all of whom have voted affirma- 
tively. 


Respectfully submitted on behalf of 
the committee, 


L. W. TELLER, 
Chairman. 


BrYANT MATHER, 


Secretary. 


e 


— 


Committee C-11 on Gypsum met on 
June 24, 1952, in New York, N. Y., and 
on March 3, 1953 in Detroit, Mich. 

The committee now consists of 20 
members, of whom 9 are classified as 
producers, 3 as consumers, and 8 as 
general interest niembers. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


_ Subsequent to the 1952 Annual Meet- 
ing, Committee C-11, jointly with Com- 
mittee C-7 on Lime, presented. to the 
Society through the Administrative Com- 
mittee on Standards the recommendation 
that the Standard Specifications for 
Sand for Use in Plaster (C 35 - 39) be 
revised and reverted to tentative status. 
This recommendation was accepted by 
the Standards Committee on September 
5, 1952, and the tentative specifications 
appear in the 1952 Book of ASTM 
Standards, Part 3, bearing the new’ title 
Tentative Specifications for Inorganic 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 
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ON 
 GYPSUM* 


Aggregation for Use in Interior Plaster 
(C 35 - 52 T). 


The committee is now in process of 
developing proposed specifications for 
gypsum formboards for poured gypsum 
concrete roof deck constructions, and 
gypsum concrete for reinforced poured 
gypsum concrete roof deck constructions. 

The committee is also considering 
proposed revisions to the plaster aggre- 
gate specification C 35-52 T.! 


This report has been submitted to 
letter ballot of the committee, which 
consists of 20 members; 15 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. S. WELLs, 
Chairman. 
L. H. YEAGER, 
Secretary. 
1 See Editorial Note. 


EpiTror1AL Note 


Subsequent to the Annual Meeting, Committee C-11 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


Tentative Specifications for: 


4 Gypsum Formboard (C 318 - 53 T). 


Revision of Tentative Specification for: 


* Jointly with Committee C-7 on Lime. 


Inorganic Aggregates for Use in Interior Plaster (C 35 — 52 T).* 


These recommendations were accepted by the Standards Committee on Sep- 
tember 9, 1953, and the new and revised tentative specifications appear in the 
1953 Supplement to Book of ASTM Standards, Part 3. 
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Committee C-12 on Mortars for Unit 
Masonry held two meetings during the 
past year: on June 27, 1952, in New 
York, N. Y., and on March 6, 1953, in 
Detroit, Mich. 

At the present time the committee 
consists of 38 members, of whom 16 are 
classified as producers, 11 as consumers, 
and 11 as general interest members. 
There are 3 consulting members. 


RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee C-12 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Tentative Specifica- 
tions for Mortar for Unit Masonry 
(C 270 - 51 T) be revised. This recom- 
mendation was accepted by the Stand- 
ards Committee on September 5, 1952, 
and the revised specifications appear in 
the 1952 Book of ASTM Standards, 
Part 3. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be retained without 
revision: 

Tentative Specifications for: 
Mortar for Reinforced 

(C 161 - 44 T), and 

Mortar for Unit Masonry (C 270 - 52 T) 


Brick Masonry 


The committee has under considera- 
tion recommendations for further revi- 
sion in C 270-52 T. Specification 
C 161 — 44 T is being continued as tenta- 
tive pending further study in relation to 
specification C 270 — 52 T. 


*Presented at the 7 auth Annual Meeting of the 
Society, June 29-July 3 1 wwe 
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ON 
MORTARS FOR UNIT MASONRY* 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Tentative 
Specifications for Mortar for Unit 
Masonry (C 270 - 52 T): 

Table I.—Change title to read ““Com- 
pressive Strength of Cubes for Mortar 
Types.” 

ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Research (F. O. 
Anderegg, chairman) has been active in 
the study of mortars for earthquake- 
resistant construction and of pointing 
mortars. Pointing mortar specifications 
have been set up in preliminary form 
and referred to. Subcommittee III for 
study. 

Subcommittee IV on Specifications for 
Aggregates for Mortars (Stanton Walker, 
chairman) is reviewing the Tentative 
Specification for Aggregate for Masonry 
Mortar C 144 - 52 T. 

Working Subcommittee on Efflorescence 
(P. L. Rogers, chairman) has been ac- 
tively studying the use of efflorwicks for 
determining efflorescence. A paper em- 
bodying the results of cooperative studies 
is being prepared for publication by the 
chairman. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 38 members; 34 returned 
their ballots, of whom 33 have voted 
affirmatively and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

J. M. Harbesty, 
Chairman. 
James A. Murray, 
Secretary. 
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REPORT OF COMMITTEE C-14 


Committee C-14 held two meetings 
during the past year: on October 9, 
1952, at Bedford Springs, Pa., and on 
April 29, 1953, at New York, N. Y. 

The committee, as of April 29, 
consisted of 46 voting members, 9 
non-voting members, and 15 consulting 
members. The voting membership 
consists of 15 producers, 16 consumers, 
and 15 general interest members. 


REVISION OF TENTATIVES 


The committee recommends the fol- 
lowing revisions of the Tentative 
Method of Sampling Glass Containers 
(C224-49T)' be adopted by the 
Society. The revision was approved by 
Committee C-14 by the following letter 
ballot vote: affirmative, 27; negative, 0; 
not voting, 7. 

Table I.—Delete the table and ac- 
companying footnotes and substituté the 
accompanying Table I. 

Section 4(b).—Delete the last five 
sentences beginning with “The maximum 
number of cases to be sampled from any 
lot shall be equal, etc.” and substitute 
the following: 


The maximum number of cases to be sam- 
pled from any lot shall equal the total number 
of containers to be evaluated in both the original 
and subsequent samplings, or one container per 
case. The minimum number of cases to be se- 
lected shall be (/) determined by use of Military 
Standard 105 A? or (2) that number required to 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 29-July 3, 1953. 

11952 Book of A’ Standards, Part 3. 

2 Military and Tables 
for Inspection by Attributes, STD-105 A, 11 Septem- 
ber 1950, United States Government Printing Office, ‘ash- 
ington, D. C. 
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ON 
GLASS AND GLASS PRODUCTS* _ ‘ 


TABLE I.—MINIMUM NUMBER OF SPECIMENS 
FOR SAMPLE. 


Continuous Production | Carload 
Classification, (Lehr) or Pile, 
(Test or Exami- Minimum > 
nation to be made ee : Number 
on Specimen) Minimum Time of Con- 
Number Schedule | tainers 
Annealing.......... ad 3 hr or less 20 
Internal Pressure 
an ermal 
1round® |3 hr or so? 
less® 
SS a6 weave not appli- | not appli- 
cable? cable? 
Dimensional char- | 
acteristics. ...... 1 round | variable? so* 


* The three containers shall represent both sides and 

center of lehr. 

A “round” is one container from each mold or mold 
cavity of the forming machine. Test to be made on pieces 
which have passed visual inspection. 

© This time schedule required for pressure ware only. 

For a pass test (attribute testing): 50 containers, 
randomly selected, but representative of the mold cavities 
present in the lot, shall be tested as the first sample in a 
double sampling method, followed, when necessary, by a 
second sample of 100 containers equally random and rep- 
resentative of all mold cavities present. The acceptance 
and rejection number shall be chosen from Table VI-J 
of Military Standard 105 A? according to the Acceptable 
Quality Level — upon’. Progressive tests (variable 
testing) shall be based on a single sample of 50 containers. 
The Standard Method of Internal Pressure Test on Glass 
Containers (ASTM Designation: C 147)! and the Stand- 
ard Method of Thermal Shock Test on Glass Containers 
a Designation: C 149)! shall be followed for test de- 
tails. 

* For this category a sampling procedure normally is 
jm pg since 100 per cent inspection is usually car- 
ried out. 

J When the intention of the sampler is to classify the 
ware into acceptable and non-acceptable categories, it is 
recommended that sampling agreements be made between 
and manufacturer on the basis of Military 

tandard 105 A*. This method recommends sample sizes 
on the basis of size of a lot and expected frequency of oc- 
currence of objectionable deficiencies. 

9 Because of the great variation in sizes and types and 
variations in requirements omeng s charac- 
teristics involved, a definite sched 


the 

ule is impractical. Tim- 
ing will depend on the degree of control necessary for the 
characteristics involved 7 dimensions are height, 
diameter, weight, capacity, lettering or decoration an 
tion and size), and the principal dimensions of the finish 
(closure holding contours). 

Fifty containers shall be taken as a first sample, and 
100 containers as a second sample, following the principle 
of Table VI-J of Military Standard 105 A? for attribute 
gaging. A minimum sample of one from mold cavity 
eee in the lot shall be taken for measurement by 
variables. 
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provide the number of individual containers to 
be evaluated, whichever quantity represents the 
larger number of cases. If more than one inde- 
pendent evaluation can be performed on the 
same container, no additional sample is required 
for the multiple evaluation. 

(1) Minimum number of cases determined 


by the use of Military Standard 105 A:*? De- 
termine the number of cases in the load or 


pile and use this number as “lot size” for Ta- 
ble III of Military Standard 105 A.? Find the 
corresponding sample size code letter (nor- 
mally column II) of this Table IIT. Using the 
first and second columns of Table IV-A, find 
the sample size corresponding to this code 
letter. This sample size will designate the 
number of cases to be selected at random from 
the load or pile. As far as possible, an equal 
number of individual containers shall be taken 
for evaluation from each case selected. 

(2) Minimum number of cases determined 
by the number of individual containers to be 
evaluated: 

In the event that (/) does not provide the 
number of containers required for the evalua- 
tion, sufficient cases shall be selected at ran- 
dom to provide the necessary number of con- 
tainers. 

Example of minimum sampling using Mili- 
tary Standard 105 A: 

A lot of 1000 cases of 24 containers each 
would call for sample size code letter K (Col- 
umn II, Table III), corresponding to 110 
cases (Table IV-A). The minimum sample size 
for visible characteristic determinations for 
the original lot of 24,000 containers is desig- 
nated by sample size code letter O. Turning 


to Table VI-0, it can be seen that 450 con- 
tainers (approximately 4 per case selected) 
are needed for a single sample, 300 (approxi- 
mately 3 per case) followed by 600 (approxi- 
mately six per case) for the respective first 
and second samples for double sampling, and 
100 (approximately 1 per case) for each step 
of multiple sampling. The containers sampled 
may be used to determine the relative fre- 
quency of occurrence of containers from indi- 
vidual mold cavities. Containers which have 
passed the visual examination may be used 
to provide samples (chosen at random from 
among the cases) for the annealing, internal 
pressure, thermal shock, and dimensional 
evaluations as required. 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial changes in the Stand- 
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dard Method of Flexure Testing of Glass 


(Determination of Modulus of Rupture) 
(C 158 - 43).! 
Section 1.—Add the following footnote: 


“The applied stress or ‘fiber stress’ required 
to break any glass specimen depends, among 
other factors, upon previous heat treatment, 
distribution if inherent stress, the effective dura- 
tion of applied stress, surface treatment, and 
the condition of the surface. The condition of 
the surface is especially important. It often hap- 


pens that manufactured articles of glass as dis- 


tinguished from specimens of a simple shape, 
such as rods or laths prepared in a laboratory, 
will have a different surface condition depend- 
ing on their mode of manufacture or the extent 
of scratches and abrasions inflicted subsequent 
to manufacture. Pristine fire-polished surfaces, 
pristine molded surfaces, mechanically polished 
surfaces, heat-treated and chemically treated 
surfaces all may have characteristically different 
breaking stresses, and these in turn may be 
greatly modified by the presence of scratches 
and abrasions accidentally inflicted. In the case 
of laths, the edge finish used has a pronounced 


influence on the breaking stress.” 


The committee recommends for im- 
mediate adoption the following revision 
of the Standard Methods of Chemi- 
cal Analysis of Soda-Lime Glass 
(C 169-43)' and accordingly asks for 
the necessary nine-tenths vote for the 
recommendation to be submitted to 
letter ballot vote of the Society: 

Sections 32 and 33.—Change the 
routine procedure for determination of 
Boric Oxide to read as follows: 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


32. Reagents: (a) Hydrochloric Acid (approxi- 
mately 0.1 N).—Prepare an approximately 0.1 
N HCI solution free of COs. 

(b) Sodium Hydroxide (approximately 6 N).— 
Prepare an approximately 6 N NaOH solution 
free of CO2 and B2O3. Solutions of NaOH attack 
borosilicate glass. Consequently all such solu- 
tions should be freshly prepared, or stored in 
bottles containing no boron. 

(c) Sodium Hydroxide (approximately 1 N).— 
Dilute a measured quantity of the above 6 N 
NaOH with 5 parts of CO,-free distilled water. 
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(d) Sodium Hydroxide (0.05 N).—Prepare an 
approximately 0.05 N NaOH solution free of 
CO:, and standardize against the National Bu- 
reau of Standards standard sample 84c of acid 
potassium phthalate. 

(e) Mannite.—Reagent grade, neutral. 

33. Procedure——(a) Intimately mix 1.000 g 
of the prepared sample (Section 4) and 2 to 6 g 
of NasCO; as preferred, in a suitable platinum 
dish or platinum crucible and heat at 1000 to 
1100 C until a clear melt is obtained. Rotate 
dish or crucible so that the melt solidifies in a 
thin layer. Place crucible, if used, in a 250-ml 
beaker. Add to the beaker or dish 5 ml of diluted 
HCl (1:1) for each gram of Na2CO; used as a 
flux, cover, and allow to digest at room tempera- 
ture with occasional stirring with a platinum 
rod until the melt is disintegrated. Transfer the 
solution to the 250-ml beaker. Rinse the dish or 
crucible with cold water and dilute to 80 to 100 
ml. 

(b) Adjust to a pH between 5.0 and 5.5 with 
6 N and 1 N NaOH and 0.1 N HCl, using a pH 
meter or a suitable indicator (such as brom- 
cresol purple, methyl red, etc.). Digest on a hot 
plate or steam bath below boiling temperature 
(65 to 95 C) for 20 to 30 min., making sure that 
the pH remains in the 5.0 to 5.5 range through- 
out the digestion by further additions of 0.1 V 
HCl if necessary. A stream of CO+-free air should 
be bubbled through the solution during this 
digestion period to aid in eliminating CO, and 
to prevent bumping. Filter through a coarse 
paper, using suction if desired, and collect the 
filtrate in a 400-ml beaker. Transfer the residue 
to the paper and wash the residue and paper 10 
or 12 times with hot distilled water. 

(c) Cool the solution to room tempefature 
and determine the pH with a pH meter. Add 
sufficient standard 0.1 N HCl or 0.05 N NaOH 
from a buret, with continual stirring, until a 
stable pH of 5.4 is obtained. Record the buret 
reading. Add 40 g of mannite to the solution, 
which, at this stage, should have a volume be- 
tween 200 and 250 ml and continue the addition 
of 0.05 N NaOH until pH 6.8 is reached. 

(d) Calculation—The volume of NaOH re- 
quired between pH 5.4 and pH 6.8 (Paragraph 
(c)) provides a measure of the boric oxide con- 
tained in the sample. The boric oxide content 
of the sample shall be calculated as follows: 

VN 
B.0;, per cent = 3.482 W 
where: 
V = milliliters of standard NaOH required for 
titration, 
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N = normality of the standard NaOH solu- | 
tion, and 
W = grams of sample. 

(e) Blank Titration.—The percentage of B2O3 
shall be corrected by a blank on the reagents. 
This may be done conveniently by repeating 
the entire procedure (Paragraphs (a) to (d)) 
with a glass (such as the National Bureau of 
Standards’ Standard Sample No. 80) known to 
contain no boron. 

(f) The above procedure is satisfactory for 
the analysis of glasses containing not more than 
2 per cent of boric oxide. In the analysis of 
glasses high in boron, use a smaller sample, a 
stronger NaOH standard, or both. In that case, 
a correction factor must be inserted in the equa- 
tion under “Calculations” (Paragraph (d)). This 
correction factor should be determined by each 
analyst himself based on his analysis of Na- 
tional Bureau of Standards’ Standard Sample 
No. 93 (corrected for ignition loss). 

(g) Accuracy.—The accuracy of the proce- 
dure is as follows: from 0.1 to 2.0 per cent B2Os, 
+£0.03 to 0.05 per cent; from 10 to 20 per cent 
B203, +0.10 per cent. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting.* _ 


Subcommitiee I on Nomenclature and 
Definitions (H. H. Holscher, chairman) 
has been working on revisions of the 
glossary of glass terms. These revisions 
are a result of work on softening, strain, 
and annealing point carried on by 
Subcommittee IV on Physical and Me- 
chanical Properties. 

Subcommittee II on Chemical Analysis 
(F. W. Glaze, chairman) has presented 
the revised method for determination of 
B,O; in soda-lime glass. Work is cur- 
rently being completed on a new pro- 
cedure for determination of lime and 
magnesia in glass sand. 

Subcommittee III on Chemical 
Properties (J. F. Greene, chairman) has 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


under consideration specifications for 
water to be used in glass durability 
testing. 

Subcommittee IV on Physical and 
Mechanical Properties (H. R. Lillie, 
chairman) has established a task group 
for working on proposed methods for 
measuring softening, strain, annealing 
points, and expansion of glass. A second 
task group is studying the flexure 
testing of glass. 

Subcommittee VII on Glass Containers 
(K. C. Lyon, chairman) is currently 
studying revisions and modification of 
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the Tentative Method of Sampling Glass 
Containers (C 224 - 49 T). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 47 members; 18 members 
returned their ballots, of whom 16 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. G. GHERING, 
Chairman, 


F. V. Too.ey, 
Secretary. 
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Committe C-15 held two meetings 
during the past year: on June 26, 1952, 
in New York City, in conjunction with 
the Annual Meeting of the Society; and 
on March 4, 1953, in Detroit, Mich., 
during the ASTM Committee Week. 

At the present time Committee C-15 
consists of 67 members, of whom 30 are 
classified as producers, 20 as consumers, 
and 17 as general interest members. 

A special study committee has been 
appointed to study the merits of a type 
of structural clay products unit known 
as a “brick-block” unit, and the advis- 
ability of preparing an ASTM standard 
for such intermediate clay masonry 
units, which are not now covered in 
either brick or structural clay tile 
standards. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


: Subsequent to the Annual Meeting, 
Committee C-15 presented to the So- 
ciety through the Administrative Com- 
‘mittee on Standards the following rec- 
ommendations: 


© 


Revisions of Tentative Specifications for: 
Glazed Masonry Units (C 126-52 TT), 
Structural Clay Facing Tile (C 212-52 T), 
Chemical Resistant Units (C 279 - 51 T). 


Tentative Revisions of Standard: 
Definitions of Terms Relating to Structural 
Clay Tile (C 43 - 50), and 


Specifications for Vitrified Clay Filter Block 
(C 159 - 51). 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 29-July 3, 1953. 
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These recommendations were accepted 
by the Standards Committee on Septem- 
ber 5, 1952, and the revised tentatives, 
together with the tentative revisions of 
the standards, appear in the 1952 Book 
of Standards, Part 3. 


TENTATIVE CONTINUED WITHOUT P 
REVISION 


The committee recommends that the 
Tentative Specifications for Drain Tile 
(C4- 50T), which have stood without 
revision for two or more youn, be re- 
tained as tentative. 


Eprror1aL REVISIONS 


The committee recommends the fol- 
lowing editorial changes: 


Tentative Specifications for Ceramic Glazed 
Structural Clay Facing Tile, Facing 
Brick and Solid Masonry Units 
(C 126-50 T): 


Tables II, II, IV, V, and VI.— 
Change headings from “Standard Di- 
mension” to “Specified Dimension.” 

The following specifications under the 
jurisdiction of Committee C-15 have 
been approved as American Standards 
by the American Standards Association 
during the past year: 

Standard Specifications for: 
Concrete Building Brick, ASTM C55-52 

(ASA A75.1—1953), 

Building Brick (Solid Masonry Units Made 

From Clay or Shale), ASTM C62-50 


(ASA A98.1—1953), 


11952 Book. of ASTM Standards, Part 3. 


Facing Brick (Solid Masonry Units Made from 
Clay or Shale), ASTM C216-50 (ASA 
A99.1—1953), 

Structural Clay Load-Bearing Wall 
ASTM C 34-52 (ASA A74.1—1953), 

Structural Clay Non-Load-Bearing Tile, ASTM 

 €56-52 (ASA A76.1—1953), 

Structural Clay Floor Tile, ASTM C 57-52 
(ASA A77.1—1953) 

Solid Load-Bearing Concrete Masonry Units, 
ASTM C 145 - 52 (ASA A81.1—1953), 

Hollow Load-Bearing Concrete Masonry Units, 
ASTM C€ 90-52 (ASA A79.1—1953), and 

Hollow Non-Load-Bearing Concrete Masonry 
Units, ASTM C 129-52 (ASA A80.1—1953). 


Methods of Sampling and Testing: 
- Structural Clay Tile, ASTM C 112-52 (ASA 


A83.1—1953), and 


Tile, 
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EpiTorRIAL Note 


Concrete Masonry Units, ASTM C 140-52 
(ASA A84.1—1953) 


This report has been submitted to 
letter ballot of the committee, which 
consists of 67 members; 54 members 
have returned their ballots, of whom 52 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


J. W. WHITTEMORE, 
Chairman. 


M. H. ALLEN, 
Secretary. 


Subsequent to the Annual Meeting, Committee C-15 presented to the Society 
through the Administrative Committee on Standards a tentative revision of the 
Standard Specifications for Structural Clay Load-Bearing Wall Tile (C 34-52). 
This recommendation was accepted by the Standards Committee on September 
9, 1953, and the tentative revision appears in the 1953 Supplement to Book of 


ASTM Standards, Part3. 
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- Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees 
held two meetings during the past year: 
at Hot Springs, Va., on October 27-29, 
1952, and at Detroit, Mich., on March 
2-4, 1953. 

The committee, as of March 31, 1953, 
consisted of 63 voting members, 25 non- 
voting members, 2 honorary members, 
and 1 consulting member. The voting 
membership is classified as 29 producers, 
17 consumers, and 17 general interest 
members. 

A request for a change of scope of 
Committee C-16 has been submitted to 
the Board of Directors of ASTM. The 
principal change is an expansion to 
include protective coatings used incon- 
nection with insulating materials. When 
approved, the scope of Committee C-16 
will read: 


“Formulation of test methods and speci- 
fications relating to thermal insulating ma- 
terials, except those used in the insulating 
refractory field, and any protective coating 
material associated therewith to preserve 
their thermal insulating efficiency.” 


A new subcommittee will be estab- 
lished immediately upon approval of the 
new scope. 


RECOMMENDATIONS ACCEPTED BY THE 
2 ADMINISTRATIVE COMMITTEE ON 
STANDARDS 
_ Subsequent to the 1952 Annual Meet- 


ing, Committee C-16 presented to the 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 29-July 3, 1953. Sawer 
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ON 
THERMAL INSULATING MATERIALS* 


Society through the Administrative 
Committee on Standards the following 
recommendations: 

Tentative Specifications for: 

Cellular Asbestos Paper Thermal Insulation for 
Pipes (C 298 - 52 T), 

Laminated Asbestos Thermal Insulation for 
Pipes (C 299 - 52 T), and 

Mineral Wool Pipe Insulation; Molded Type 
(Low Temperatures) (C 300-52 T). 

Tentative Methods of Test for: 

Density of Preformed Pipe Covering Type 
Thermal Insulation (C 302-52 T), 

Density of Preformed Block Type Thermal 
Insulation (C303-52T), and Vibration 
Resistance of Preformed Thermal Insulation 
for Pipes (C 304-52 T). 

The tentative specifications were ac- 
cepted by the Standards Committee on 
September 5, 1952; the tentative meth- 
ods were accepted on December 12, 
1952. All appear in the 1952 Book of 
ASTM Standards, Part 3. 


New TENTATIVE 


Committee C-16 recommends the pub- 
lication as tentative of the following: 
Tentative Recommended Practice for: 


Clearance of Preformed Thermal Pipe In- 
sulation.' 


TENTATIVES CONTINUED WITHOUT | 
REVISION 


The following tentatives are under- 
going revision in the subcommittees. 
Committee C-16, therefore, recommends 

1 The new tentative was accepted by the Society and 
appears in the 1953 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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that they be continued in their present 
form until changes are completed: 


Tentative Specification for: 


Mineral Wool Batt Insulation (Industrial 
Type) (C 262 - 51 T), 

Mineral Wool Blanket Insulation (Metal Mesh 
Covered) (C 263 - 51 T), 

Mineral Wool Felt Insulation (Industrial 
Type) (C 264-51 T), and 

Mineral Wool Blanket Type Pipe Insulation 
(C 280 - 51 T). 


Tentative Method of Test for: 


Water Vapor Permeability of Sheet Materials 
Used in Connection with Thermal Insulation 
(C 214 - 48 T), and 

Thermal Conductance and Transmittance of 
Built-Up sections by Means of The Guarded 
Hot Box (C 236-49 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee S-I on Block and Pipe 
Insulation (W. D. Stevens, chairman) is 
balloting or reviewing proposed specifi- 
cations for mineral wool thermal insula- 
ting board for roofs; mineral wool block 
or board for elevated temperatures; min- 
eral wool block or board for low tem- 
peratures; cellular glass insulating block; 
calcium silicate block and pipe cover- 
ing; and corkboard. The subcommittee is 
also reviewing the Tentative Specification 
for Mineral Wool Molded Pipe Insulation 
(C 281 - 51 T) and Standard Method of 
Test for Flexural Strength of Preformed 
Block Type Thermal Insulation (C 203 - 
51). 

Four proposed specifications covering 
85 per cent magnesia and diatomaceous 
earth thermal insulation in the block and 
pipe forms are being reviewed following 
committee letter ballot. 

Subcommittee S-II on Structural In- 
sulating Board (R. R. Sullivan, chair- 
man) has completed a racking load test 
for structural insulating board and 
sheathed wall panels and is developing 
methods of test for determining flame 
resistance of structural insulating board 
and for thickness of insulating board. 


The subcommittee is reviewing the 
Standard Specification for Structural 
Insulating Board made from Vegetable 
Fibers (C 208-48) and the Standard 
Methods of Testing Structural Insulating 
Board made from Vegetable Fibers 
(C 209 48). 

Subcommittee S-III on Insulating Ce- 
ment (J. E. Gaston, chairman).—Pro- 
posed tentative methods of test for 
adhesion of dried thermal insulating 
cement and for compressive hardness of 
insulating cement are being processed 
through the Significance of Test Sub- 
committee. Consideration is being given 
to a method of test for measuring wet 
adhesion of thermal insulating cement. 

Subcommittee S-IV on Blanket Insula- 
tion (H. E. Lewis, chairman) is develop- 
ing a method of testing combustibility 
of blanket type thermal insulations and 
is working in cooperation with Subcom- 
mittee S-II on details of a proposed com- 
parative combustibility test procedure. 
The Tentative Specification for Mineral 
Wool Felt Insulation (Industrial Type) 
(C 264-51 T) is being reviewed by the 
subcommittee. 

Subcommittee S-V on Loose Fill Insula- 
tion (G. H. Knode, chairman) is develop- 
ing a method of test for determining the 
density at which loose fill insulation 
should be applied. 

Subcommitiee T-VI on Thermal Con- 
ductivity (J. D. Babbitt, chairman) has 
completed revisions of the Tentative 
Method of Test for Thermal Conduct- 
ance and Transmittance of Built-Up 
Sections by Means of the Guarded Hot 
Box (C 236 — 49 T), and a new tentative 
method of test for thermal conductivity 
of pipe insulation which will be sub- 
mitted to Committee C-16 for letter 
ballot. The subcommittee has completed 
a significance of test statement for the 
guarded hot plate method (C 177 — 45) 
which will be submitted to Committee 
C-16 for letter ballot. 
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Subcommitiee T-VII on Special Ther- Moisture Vapor Measurement Units (Ray 
mal Properties (G. W. Rapp; chairman) Thomas, chairman).—The Task Group 
is continuing its development of methods of Subcommittee T-IX charged with the 
of test for determining specific heat, responsibility for the determination of 
maximum use temperature limit, and moisture vapor measurement units is 
emissivity. conducting tests on various films for 
Subcommittee S-VIII on Dimensional correlating purposes, and tests will be _ 
Standards (H. P. Hoopes, chairman) has continued on film type materials and 7 
been assigned the development of a_ thicker units of insulating materials. 
tentative method of sampling thermal Research Project—A research of 


insulation. to determine the effect of moisture on 
Subcommittee T-IX on Vapor Trans- thermal conductivity has been set up at 
mission (R. H. Heilman, chairman)— The Pennsylvania State College and 


Proposed definitions pertaining to water work will be started in the near future. 
vapor transmission have been submitted 
to Committee C-16 for letter ballot. The 
subcommittee approved revisions of a 
tentative mere M of test for water vapor letter 9 of the committee, which 
permeability for thick materials for letter consists of 66 voting members, of whom 
ballot. 47 have voted affirmatively and 0 nega- 
Task Group on Physical Properties of tively. 

Vapor Barriers Other Than Permeance 

(H. E. Rapp, chairman) is developing Respectfully submitted on behalf of 
methods of testing physical properties of the committee, 


This report has been submitted to 


vapor barriers and at the present time E. R. QUEER, 
is considering flame propagation in con- Chairman. 
nection with plastic types. W. L. GANTz, 


Task Group for the Determination of Secretary. 


EpitTorIAL NoTE 
Subsequent to the Annual Meeting, Committee C-16 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 
Tentative Specifications for: 


85 Per Cent Magnesia Thermal Block Insulation (C 319 — 53 T), and 
85 Per Cent Magnesia Thermal Pipe Insulation (C 320 —- 53 T). ~~ 


Tentative Revision of: 
Standard Definition of Terms Relating to Thermal Insulating Materials be 
(C 168 - 51). 


The new tentative specifications were accepted by the Standards Committee on 
November 9, 1953, and the tentative revision was accepted on September 9, 1953; 
the three recommendations appear in the 1953 Supplement to Book of ASTM 
Standards, Part 3. 
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REPORT OF COMMITTEE C-17 


Committee C-17 on Asbestos-Cement 
Products and its subcommittees held a 
meeting on March 5, 1953, at the time 
of the 1953 Committee Week of the 
Society in Detroit, Mich. 

The membership of the committee 
consists of 30 voting members, composed 
of 11 producers, 3 consumers, and 16 
general interest members. 


REVISION OF TENTATIVE 


After more than two years of study 
and investigation, Committee C-17 
recommends that the Tentative Speci- 
fication for Flat Asbestos-Cement Sheets 
(C 220-49T) be revised as appended 
hereto.' 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee has agreed upon pro- 
posed revisions and letter ballots are 
being processed on the following tenta- 
tives. They are therefore recommended 
for continuation without change: 


Tentative Specifications for: 


Asbestos-Cement Corrugated Sheets (C 221 - 
49 T)? 

Asbestos-Cement Roofing Shingles (C 222 - 
49 T)2 and 

Asbestos-Cement Siding Shingles and Clap- 
boards (C 223 - 49 T).? 


The recommendations in this report 
have been submitted to letter ballot of 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 29-July 3, 1953. 
! The revised tentative was accepted by the Secor and 
og th in the 1953 Supplement to Book of ASTM Stand- 
Part 3 
2 1952 Book of ASTM Standards, Part 3. 
3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Test 
(C. R. Hutchcroft, chairman) has spent 
much time in evaluating the methods of 
test that are incorporated in the pro- 
posed revisions of the current specifica- 
tions and in writing the statements 
covering the significance of these tests. 
It is currently studying test methods 
that can determine handleability of 
asbestos-cement products and _ also 
searching for a way to test for organic 
material in these products. 

Subcommittee II on Specifications (M. 
V. Engelbach, Chairman).—The prob- 
lem confronting Subcommittee II has 
been to arrive at proper values for 
asbestos-cement products after new test 
procedures have been established. Agree- 
ments were reached and are being in- 
corporated in the revised proposals. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 30 voting members; 21 mem- 
bers returned their ballots, of whom 18 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
Davip WoLocHow, 
Chairman. 


CHESTER C. KELSEY, 
Secretary. 
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EpiTor1AL Note 


- Subsequent to the Annual Meeting, Committee C-17 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 


Revision of Tentative Specifications for: 

Asbestos-Cement Corrugated Sheets (C 221 - 49 T), 

Asbestos-Cement Roofing Shingles (C222-49T), = | 
Asbestos-Cement Siding Shingles and Clapboards (C 223 - 49 T), and 
Asbestos-Cement Pressure Pipe (C 296 —- 52 T). 


_ These recommendations were accepted by the Standards Committee on Septem- 


ber 9, 1953, and the revised tentative specifications appear in the 1953 Supple- 
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ON 


STRUCTURAL SANDWICH CONSTRUCTIONS* 


Committee C-19 on Structural Sand- 
wich Constructions held three meetings 
during the year; one meeting was held 
on June 24-25, 1952, in conjunction 
with the Annual Meeting at New York 
City, the second on October 3-4, 1952, 
at the Massachusetts Institute of Tech- 
nology, Cambridge, Mass., and the 
third on April 9-10, 1953, at the Chance 
Vought Aircraft Division of United 
Aircraft Corp., Dallas, Tex. 

The present committee consists of 64 
members with 51 voting members, of 
whom 23 are classified as producers, 7 as 
consumers, and 21 as general interest 
members. 


ADOPTION OF TENTATIVES AS STANDARD 


Committee C-19 recommends that 
the following tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard: 


Tentative Methods of Test for: 

Density of Core Materials for Structural Sand- 
wich Constructions (C 271 - 51 T),3 

Water Absorption of Core Materials for Struc- 
tural Sandwich Constructions (C 272 - 51 T)!, 

Shear Test of Sandwich Constructions in Flat- 
wise Plane (C 273 - 51 T),} and 

Terms Relating to Structural Sandwich Con- 
structions (C 274 - 51 T).! 


These recommendations have been 
submitted to letter ballot of the com- 
mittee, the results of which will be re- 
ported at the Annual Meeting.” 

* Presented at the bag age sixth Annual Meeting of 


the 29-July 3, 1953. 
11952 Book of ASTM Standards, Part 4. 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Mechanical Prop- 
erties of Basic Materials (George Gerard, 
chairman).—R. C. Platow resigned as 
chairman in March, 1953, and George 
Gerard accepted appointment as chair- 
man. 

The present tentatives C 271-51 T 
and C 272-51T have been reviewed 
and are recommended for adoption as 
standard, as noted earlier in this report. 
Several methods which will be subjected 
to letter ballot in the near future include 
core compression tests, core shear tests, 
core delamination tests, thickness tests, 
and possible heat distortion tests. 

Subcommittee II on Mechanical Prop- 
erties of Basic Sandwich Construction 
(A. G. H. Dietz, chairman).—The pres- 
ent tentative C273-51T has been 
reviewed and recommended for adop- 
tion as standard, as noted earlier in this 
report. Several test methods are being 
considered for determining peel strength. 
Other test methods which may be circu- 
lated for letter ballot soon consider 
compression and flexure of sandwich 
constructions. The tension flatwise test, 
cutrently tentative C 297-52T, will 
be reviewed in light of the comments 
received from Committee E-1. 

Subcommittee III on Permanence, Dur- 
ability, and Simulated Service (J. H. 
Gibbud, chairman) is considering possi- 
ble exposure of specimens at ASTM test 
sites. A fatigue test for sandwich con- 
structions or core materials is being 
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considered. The design of an outdoor 
exposure test cubicle will be- continued. 

Subcommittee IV on Nomenclature and 
Definitions (D. G. Reid, chairman).— 
The present tentative C 274-51 T has 
been reviewed and recommended for 
adoption as standard, as noted earlier 
in this report. Additional definitions 
relating to core material types and 
forms are being considered. A letter 
ballot on these will be conducted in the 
near future. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 voting members; 37 re- 
turned their ballots, of whom 35 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
EDWARD W. KvENz1, 
Chairman. 
B. D. BEAmisH, 
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REPORT OF COMMITTEE C-21 
ON 
CERAMIC WHITEWARE* 


Committee C-21 held three meetings 


during the year: June 27, 1952 and 
April 27, 1953 in New York City, and 
September 25, 1952 in Bedford Springs, 
Pa. A Symposium on Test Methods for 
Process Control in Ceramic Whitewares 
was presented at the 1952 Annual 
Meeting of the Society. 

The present voting membership con- 
sists of 47 producers, 10 consumers, and 
19 general interest. 

There are at present under considera- 
tion revisions of several terms and 
definitions now published as tentative 
under the designation C 242 —- 50 T.! All 
of the definitions are being recommended 
for continuation as tentative without 
change, pending revision or recom- 
mendations by the committee for ap- 
proval as standard. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (A. S. 
Watts, chairman).—At this group’s 
several meetings during the year, the 
major activity dealt with the develop- 
ment of terms and definitions for degrees 
of vitrification. This has proved difficult 
because differing usages for certain 
terms have been adopted by various 
branches of the whiteware industry. 
~~ * Presented at the Annual Meeting of 


the Society, June 29-July 3, 
11952 Book of ASTM Stnadands, Part 3. 


Subcomniiiice I 1 on Tests and s pecifice- 
tions (Van E. Campbell, chairman).— 
Five methods of test for clays, developed 
in the subsection on clays (G. W. Phelps, 
chairman) and three product tests de- 
veloped by the subsection on funda- 
mental properties (W. C. Mohr, chair- 
man) are in the final stages of completion 
as proposed tentatives. This subsection 
is active also in the development of test 
procedures for water absorption and 
moisture expansion. 

Subcommittee III on Research (H. Z. 
Schofield, chairman).—This subcom- 
mittee investigated the factors involved 
in obtaining comparable and repro- 
ducible values for modulus of rupture in 
bending, and conducted an investigation 
to determine sub-sieve particle sizes. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 76 voting memberships; 62 
members returned their ballots, all of 
whom voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
C. G. HARMAN, 
Chairman. 


* 


R. F. GELLER, 
Secretary. 
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Epitror1AL NOTE 


Subsequent to the Annual Meeting, Committee C-21 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 


Tentative Method of: 


Sampling Whiteware Clays (C 322 - 53 T 

Chemical Analysis of Whiteware Clays re 323 - 53 T), Ca 

Test for Free Moisture Content of Whiteware Clays (C 324 - 53 T), 

Test for Wet Sieve Analysis of Whiteware Clays (C 325 - 53 T), 

Test for Drying and Firing Shrinkages of Whiteware Clays (C 326 - 53 T), 

Test for Linear Thermal Expansion by the Interferometric Method (C 327 - 
53 T), 

Test for Modulus of Rupture of Fired Dry-Pressed Whiteware Specimens at 
Normal Temperature (C 328 - 53 T), and 

Test for True Specific Gravity of Fired Whiteware Materials (C 329 — 53 T). 


Tentative Method C 323 was accepted by the Standards Committee on Janu- 
ary 13, 1954, and the remaining seven methods were accepted on December 16, 


1953. They all appear in Part 3 of the 1953 Supplement to Book of ASTM Stand- 
ards. 
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REPORT OF COMMITTEE C-22 
ON 
PORCELAIN ENAMEL* 


Committee C-22 on Porcelain Enamel 
held one meeting during the year on 
October 10-11, 1952, as guests of Battelle 
Memorial Inst., Columbus, Ohio. The 
spring meeting normally held by the 
committee was deferred until the An- 
nual Meeting of the Society at which 
time the committee will sponsor a sym- 
posium on “Porcelain Enamels and 
Ceramic Coatings as Engineering Ma- 
terials.” 

During the past year one new mem- 
ber has been added to the committee 
and there have been two resignations. 
At the present time, the committee con- 
sists of 36 members, of whom 30 are 
voting members, with 16 classified as 
producers, 5 as consumers, and 9 as gen- 
eral interest. 


NEw TENTATIVES 


Committee C-22 recommends that the 
following two methods be accepted for 
publication as tentative, as appended 
hereto:! 

Tentative Methods of Test for: 
Adherence of Porcelain Enamel and Ceramic 


Coatings to Sheet Metal, and 
Warpage of Porcelain Enameled Flatware. 


ADOPTION OF TENTATIVE 
AS STANDARD 


Committee C-22 recommends that the 
Tentative Method of Test for Acid 


* Presented at the Fifty-sixth Annual Meeting of the 
Society. June 28-July 3, 1953. : 

1The new tentatives were accepted by the Society 
and appear in the 1953 Supplement to Book of ASTM 
Standards, Part 3. 

21952 Book of ASTM Standards, Part 3. 


Resistance of Porcelain Enamels (Room 
Temperature Test) (C 282 - 51 T)? be 
approved without change for reference 
to letter ballot of the Society for adoption 


as standard. 


The committee recommends that the 
following tentatives which have stood 
for two years without revision be con- 
tinued as tentatives: 

Tentative Methods of Test for: 
Resistance of Porcelain Enameled Utensils to 

Boiling Acid (C 283 - 51 T), and 
Impact Resistance of Porcelain Enameled Uten- 

sils (C 284 - 51 T) 

Tentative Definitions of: 
Terms Relating to Porcelain Enamel (C 286 - 

51 T). 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.* 


TENTATIVES CONTINUED 
WITHOUT REVISION 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (L. S. 
O’Bannon, chairman) is sponsoring the 
symposium on “Porcelain Enamels and 
Ceramic Coatings as Engineering Ma- 
terials” referred to earlier in the report. 
Work on the survey of problems involv- 
ing thermal shock and the effect of 
porcelain enamel coatings on the fatigue 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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of metals at high temperatures is being 
continued. 

Subcommittee II on Nomenclature (E. 
E. Howe, chairman) is working on the 
revision of the Tentative Definitions of 
Terms (C 286 - 51 T). 

Subcommittee III on Tests and Specifi- 
cations (R. F. Bisbee, chairman).— 
Sections 1 and 2, Raw Materials and 
Materials in Process (W. A. Deringer, 
chairman), are preparing a proposed test 
method for determination of reflectivity 
and coefficient of scatter for ballot by 
the subcommittee. The sections are in- 
vestigating seven different problems, 
chiefly concerning raw materials. 

Section 3, Finished Products (J. H. 
Gregory, chairman), is studying nine 
porcelain enamel properties preparatory 
to preparing tentative test methods 
therefor. During the past year the sec- 
tion completed and passed to ‘letter 
ballot proposed tentative test methods 
for the determination of warpage and 


adherence as noted earlier in this report. 
The proposed Tentative Method of 
Test for Reflectance of Opaque Speci- 
mens, which was approved by letter 
ballot of Committee C-22, has been sub- 
mitted to Committee E-12 on Appear- 
ance Properties in order that a single 
test method may be prepared to include 
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the above proposed method and a 


standard method (D 771) of Committee 
D-1. 


This report was submitted to letter 
ballot of the committee, which consists 
of 30 voting members; 25 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. N. Harrison, 
Chairman. 


G. H. SPENCER-STRONG, 
Secretary. 
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PAINT, VARNISH, LACQUER, 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: in New York, 
N. Y., June 23 to 25, 1952, in connection 
with the 1952 Annual Meeting of the 
Society; and in Detroit, Mich., March 2 
to 4, 1953, in connection with the 
Spring Group Committee Meetings. 

At the June, 1952, meeting, Com- 
mittee D-1 celebrated the 50th anni- 
versary of its founding. The occasion was 
marked by a golden anniversary banquet 
on June 24, and a special session at 
which the major accomplishments of its 
50 years of progress were reviewed.' 
The arrangements for the 50th anni- 
versary celebration were handled by a 
committee under the chairmanship of 
J. C. Moore. The special session for the 
presentation of papers, covering the 
history of paint testing, was arranged by 
the Papers Committee, under the chair- 
manship of W. H. Lutz. 

At the March, 1953, meeting, N. P. 
Beckwith presented an illustrated talk 
on “The Production Man’s View of the 
Technical Man’s Responsibilities.” For 
the June, 1953, meeting, it is planned to 
present a companion paper on the 
responsibility to management of tech- 
nical men in the paint industry. 

Cooperative work with the Federation 
of Paint and Varnish Production Clubs 
has continued active during the year 
under the Joint Committee (S. Werthan, 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. . 

1“Fifty Years of Paint Testing,”” Symposium on 
Paint, Am. Soc. for Testing Mats. (1952). Issued as a 
separate publication, STP No. 147. 


REPORT OF COMMITTEE D-1 
ON 


AND RELATED PRODUCTS* 


chairman). The number of standards 
approved is now 52. In addition, the 
following ASTM methods have been 
approved in the past year by the Stand- 
ards and Methods of Test Committee 
of the Federation and will be assigned 
Federation numbers: 


Method of Test for Water in Petroleum Prod- 
ucts and Other Bituminous Materials (D 95 - 


Methods of Chemical Analysis of White Linseed 
Oil Paints (D 215 - 41), 

Methods of Chemical Analysis of Zinc Yellow 
Pigment (Zinc Chromate Yellow) (D 444- 
51), 

Methods for Chemical Analysis of Yellow, Or- 
ange, and Green Pigments Containing Lead 
Chromate, and Chromium Oxide Green (D 
126-50 T), 

Methods for Chemical Analysis of Blue Pig- 
ments (D 1135-50T), 

Methods of Test for Coarse Particles in Pig- 
ments, Pastes, and Paints (D 185 — 45), and 

Methods of Testing Para Red and Toluidine 
Red Pigments (D 970-51). 


Nine additional ASTM test methods 
are now under study by the Federation. 
Similarly, two Federation methods are 
being considered within Committee D-1. 
The two organizations are also con- 
tinuing their cooperation in the prepara- 
tion of specifications for mineral spirits. 

The Committee on Inter-Committee 
Relations, which is composed of D-1 
representatives on other ASTM tech- 
nical committees, is continuing its close 
contact with those committees whose 
activities are of interest to Committee 
D-1. Two D-1 representatives have been 
appointed to Subcommittee VII on 
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Rubber Latices, of Committee D-11 on 
Rubber and Rubber-Like Materials. 

The cooperative work with Committee 
D-2 on Petroleum Products and Lubri- 
cants is being continued. In cooperation 
with Committee D-16 on Industrial 
Aromatic Hydrocarbons, specifications 
for three industrial aromatic hydro- 
carbons have been prepared and 
proposed for joint sponsorship by the 
two committees. 

The American Standards Association 
has approved as American Standard the 
ASTM Standard Specifications for Spir- 
its of Turpentine (D 13-51). Commit- 
tee D-1 has submitted seven additional 
standards under its jurisdiction for ASA 
approval. 


PROPOSED METHODS TO RE PUBLISHED 
AS INFORMATION 


The committee recommends the fol- 
lowing two proposed methods of test for 
publication as information, as appended 
hereto? 

Proposed Method of Test for Viscosity Reduc- 
tion Power of Hydrocarbon Solvents, and 
Proposed Method of Test for Flash Point of 


Volatile Flammable Materials by the Tag 
Open-Cup Apparatus,as revised. 


New TENTATIVES 


The committee recommends for publi- 
cation as tentative the following specifi- 
cations and methods of test, as appended 
hereto? 


Tentative Specifications for: 
High-Gravity Glycerine, 
Tentative Methods of: 


Sampling and Testing High-Gravity Glycerine, 
Test for Nonvolatile Content of Resin Solutions, 
and 


Calculating Small Color Difference from Data : 


Obtained on the Hunter Multipurpose Re- 
flectometer. 


2 See pp. 342 and 348. ; 
3 The new tentatives were accepted by the Society and 


appear in the 1953 Supplement to Book of ASTM Stand- ~ 


ards, Part 4. 
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REVISION OF TENTATIVE 


Committee D-1 recommends that the 
Tentative Specifications for Dehydrated 
Castor Oil (D 961 - 51 T)‘ be revised as" 
follows: 

Section 3.—In Paragraph (a), delete - 
the words “Iodine Number.” 

Add a new Paragraph (d), to read as 
follows: 


(d) Iodine Number.—The procedure described 
in Sections 22 to 25 of the Tentative Methods 
of Testing Drying Oils (ASTM Designation: 
D 555) shall be used to determine iodine num- 
ber, except that the sample weights shall be 
0.11 to 0.13 g of oil. 


TENTATIVE REVISION OF STANDARDS 


Methods of Testing Varnishes 
(D 154-50).—Replace Section 5 with 
the following: 


5. (a) The primary standards for color con- 
sist of solutions defined by their spectral trans- 


TABLE I.—REFERENCE STANDARD COLOR 


SOLUTIONS. 
Trichromatic Iron-Cobalt 
Coefficients | Potas- Solutions Potas- 
SY sium 
Chloro- Di- 
Coles plati- |g chrom- 
Standard nate, 
of sul- | u 
furic es} furic 
22 = 
acid ES acid 
& |jO 
8 0.4118}0.4432) 7.185 oval 
0. 0. 3.3) 2.6/94.1) 0.0780 
0. 5.1) 3.6/91.3) 0.164 
0. 7.5| 5.3|87.2| 0.250 
0. 10.8] 7.6/81.6) 0.380 
16.6/10.0)73.4) 0.572 
22.2)13.3|64.5) 0.763 
29.4)17.6|53.0) 1.041 
37.8/22.8)39.3) 1.280 
2.220 
100.0} 0.0] 0.0) 3.00 


mittance in a 1-cm cell with parallel sides. The - 


trichromatic coefficients of these solutions are 


Solution, ml 
© 


given in Table I. These are determined on a 


41952 Book of ASTM Standards, Part 4. 
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1-cm layer of the solution according to the 
Standard Method of Test for Spectral Char- 
acteristics and Color of Objects and Materials 
(ASTM Designation: D 307). 

(b) For purposes of comparison, the use of 
permanent solutions, the color of which has 
been determined, is more satisfactory. The 
approximate composition of solutions giving 
each of the 18 colors is also given in Table I. 
The solutions are made from pure crystalline 
potassium chloroplatinate in 0.1 N hydrochloric 
acid, or, in the darker colors, from stock solu- 
tions of ferric chloride, cobalt chloride, and 
hydrochloric acid, prepared as follows: 

Repeat Items (/), (2), and (3) of present 
Paragraph (0). 

(c) Solutions of potassium dichromate in 
pure sulfuric acid (sp gr 1.84) may be used as 
reference standards. The approximate composi- 
tion of these standards is also given in Table I. 
Each solution must be freshly made for the color 
comparison, using gentle heat, if necessary, to 
effect solution. 

Norte 4.—Same as present Note 4. 


Methods of Testing Nitrocellulose Clear 
Lacquers and Lacquer Enamels 
(D 333 — 40).*—Revise as follows: 

Section 3.—Change drying time test 
to read as follows: 


3. (a) The sample to be tested and a mutually 
agreed upon reference standard, preferably of 
the same viscosity and solids content, shall be 
simultaneously drawn down on a horizontally 
held, smooth, clean, dry glass plate approxi- 
mately 8 by 10 in. in dimensions, using a 6-in. 
blade applicator of a clearance to deposit 0.003 
in. of wet film. The films preferably shall be 
applied and tested under conditions of 25 + 1 C 
and 50 + 5 per cent relative humidity, with no 
direct sunlight falling upon the film surface. 
After the film has set, the panels shall be placed 
in a vertical position in a location free from air 
movement. While conditions of constant tem- 
perature and humidity are preferable for this 
test, they are not mandatory, because of the 
inclusion in the test of the reference standard. 

(b) The time of application shall be recorded 
and the drying time shall be judged by drawing 
a finger across the sample and control, or by 
touching or pressing the film with the finger at 
intervals with equal pressure at approximately 
the same relative locations. These intervals of 
time will vary with the type of lacquer being 
tested, and should be selected accordingly. The 
time of drying shall be recorded, and the total 
interval referred to as “drying time to touch.” 


Section 4.—Change the gloss test to 
read as follows: 


4. A panel for the gloss test shall be prepared 
by pouring the sample and a mutually agreed- 
upon reference standard on an opaque, mutually 
agreed-upon surface in such a manner that the 
two materials flow together along an adjacent 
edge. The panel shall be examined for gloss 
after 24 hr. A convenient method of determining 
apparent gloss is to hold the test panel at an 
angle of incidence approaching 180 deg to a 
source of artificial light, and to note the com- 
parative sharpness of the definition of the 
image (for example, the lamp filament). For 
determination of 60-deg specular gloss, the 
procedure described in the Tentative Method of 
Test for 60-deg Specular Gloss of Paint Finishes 
(ASTM Designation: D 523) should be fol- 
lowed. 


Section 8.—Change nonvolatile matter 
test to read as follows: 


8. (a) Nonvolatile Matter—Into a flat-bot- 
tom metal or glass dish containing a stirring 
rod, 4 to 6 g of the sample to be tested shall be 
weighed in such a manner as to minimize the 
loss of volatile solvents. Then 100 ml of acetone 
shall be added and stirred until solution of the 
material is complete, and 10 ml of water added 
slowly, while stirring vigorously. The solution 
shall be evaporated to dryness over a hot-water 
bath and then heated for 1 hr in an oven at 100 
to 105 C, allowed to cool 20 min in a desiccator, 
and weighed on an analytical balance. (The dish 
should be covered in sucha manner as to allow 
solvents to escape and to exclude contamination 
by dirt in the atmosphere.) If the precipitate or 
residue is lumpy, it shall be redissolved in the 
solvent combination, and precipitated again 
with water. 

(6) The nonvolatile content shall be reported 
either in terms of per cent by weight or as grams 
per 100 ml, according to the option of the in- 
vestigator. For the latter method of reporting, 
specific gravity of the lacquer under test is 
required. For this determination, a pycnometer 
may be used as described under the Standard 
Methods of Testing Varnishes (ASTM Designa- 
tion: D154). A slightly less accurate but 
acceptable procedure is as follows:* 

Using a long-stem funnel, flow the thoroughly 
mixed lacquer into a weighed calibrated 100-ml 
volumetric flask until this is filled to a point 
about 3 in. under the 100-ml mark; the use of 


* The commonly used weight per gallon cup which 
contains 83.3 ml may be used for this determination when 
only moderate accuracy is required. 
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the funnel ensures that none of the lacquer will 
spill on the neck of the flask above the 100-ml 
mark. Adjust the temperature to 25 + 1 C by 
use of a constant-temperature bath or room 
storage under conditions to produce this tem- 
perature. Add lacquer to fill to the 100-ml 
graduation and weigh to the first decimal place, 
using a torsion balance. The weight of the flask 
contents divided by 100 gives the specific 
gravity, and this value multiplied by the per 


cent nonvolatile by weight will give the grams 
solids per 100 ml lacquer. 


Figure 1.—Add the following note un- 
der the illustration of the Consistency 
Cup Apparatus: 


Nore 4.—The overflow, though desirable, is 
not mandatory, and other consistency cups of 
the described dimensions and having orifice 
diameters as noted are satisfactory for this 
determination. 


Section 9.—Add the following Para- 
graph (c) to the consistency test: 


(c) Calibration—Time of efflux from con- 
sistency cups above a given minimum is propor- 
tional to kinematic viscosity in stokes: 

V, = KT 

where: 

V, = kinematic viscosity in stokes, 

K = conversion factor to provide value in 
stokes when time of efflux in seconds is 
above a stated minimum, and 

T = time of efflux in seconds. 

The conversion constant, K, for the viscosity 

cups is as follows:* 


Orifice, in Factor K | = 
| 1.4 60 
4.8 25 
140 4 


National Bureau of Standard Oils are recom- 
mended for use in determining the accuracy of 
consistency cups. Absolute viscosity in poises of 
these standards may be converted to stokes by 
the formula: 


= kinematic viscosity in stokes, 
N = absolute viscosity in poises, and 
= density. 
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_ Measurement of Dry Film Thickness of Non-— 
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A suitable correction factor may be used on any 
cup which does not conform to the above listed 
constants. 


* M. R. Euverard, “Evaluation of Empirical Viscosity _ 
Measurements for Varnishes and Resin Solutions,” AST: 
Buttetin, No. 169, October, 1950, p. 6 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the ~ 
following standards be revised as appen- 
ded hereto® and reverted to tentative: 


D 523-51. Method of Test for 60-deg Specu- 
lar Gloss, an 

D 605-42. Specifications for Magnesium Sili- 
cate Pigment. 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee D-1 recommends that the 
following seven tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard: 


Tentative Methods of: 


Testing Drying Oils (D 555-51T), with the 
following editorial revision: In Section 25 (b) 
add the following Note 2, inserting it imme- 
diately before the table, and change present 
Note 2 in Paragraph (d) to Note 3: “Note 
2.—The sample weight to be used for dehy- 
drated castor oils is given in the Tentative 
Specifications for Dehydrated Castor Oil 
(D 961 - 51 T) under 3 (d), Iodine Number.” 

Test for Roundness of Glass Spheres (D 1155-_ 
51T), 

Test for Heptane Number of Hydrocarbon 
Solvents (D 1132-50 T), 

Test for Nitrocellulose Diluting Power of Hy- 
drocarbon Solvents (D 1134 - 50 T), 

Testing Varnishes (D 154-52 T), Drying Time 
Test and Rosin-Pentaerythrital Ester ne 
bility Test, Sections 3 to 20, inclusive, 

Producing Films of Uniform Thickness of Paint, 
Varnish, Lacquer, and Related Products on 
Test panels (D 823-51T), with editorial 
revision changing ‘‘Procedures”’ to “Methods” 
and describing the tests in the imperative 
mood, and 


and Related Products Applied on a Magnetic 


magnetic Coatings of Paint, Varnish, a 
Base (D 1186-51 T). 
5 The revised tentative methods were accepted by the - 
and appear in 1953 Supplement to Book all 
Standards, Part 4 
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REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the follow- 
ing method, and accordingly asks for the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that the re- 
visions may be referred to letter ballot of 
the Society: 

Methods of Sampling and Testing 
Lacquer Solvents and  Diluents 
(D 268 - 49).‘—Revise as follows: 

Section 4.—-Revise to read: ‘“De- 
termine color by the Tentative Method 
of Test for Color of Clear Liquids 
(Platinum-Cobalt Scale) (ASTM Desig- 
nation: D 1209).” 

Sections 23 to 25.—Substitute the 
following for present Sections 23 to 25: 
“Determine dimethylketone by the 
Tentative Method of Test for Purity of 
Acetone and Methyl Ethyl Ketone 
(ASTM Designation: D 1154).” 


WITHDRAWAL OF STANDARD 


The committee recommends that the 
Specifications for Perilla Oil, Raw or 
Refined (D 125 - 48) be withdrawn. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following ten tentatives be continued as 
tentative without revision: 


Tentative Specifications for: 


Asphalt-Base Emulsions for Use as Protective 
Coatings for Metal (D 1187 - 51 T) 

Heavy Petroleum Spirits (Heavy 
Spirits) (D 965 - 48 T) 

Methanol (Methyl Alcohol) (D 1152 - 51 T) 

Methyl Isobutyl Ketone (D 1153 - 51 T) 


Mineral 


Tentative Method of: 


Testing Bituminous Emulsions for Use as Pro- 
tective Coatings for Metal (D 1010 - 49 T) 

Test for Color of Orange Shellac (D 29 - 41 T) 

Test for Ester Value of Tricresyl Phosphate 
(D 268 - 49 T) 

Test for Kauri-Butanol Value of Hydrocarbon 
Solvents (D 1133 - 50 T) 
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Test for Purity of Acetone and Methy!] Ethyl 
Ketone (D 1154-51 T) 

Water Immersion Test of Organic Coatings on 
Steel (D 870 - 51 T) 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the 
results of which will be reported at the 
Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Drying Oils (D. S. 
Bolley, chairman) has revised the 
Tentative Methods of Testing Drying 
Oils (D 555 — 51 T) to specify the use of 
the Pensky-Martens high-range ther- 
mometer in the heat and quality tests 
for tung oil. Work is continuing on a 
procedure for sampling drying oils and 
related materials and on determining 
total unsaturation by hydrogenation. A 
draft of proposed specifications for 
safflower oils is in preparation. Work has 
been initiated on the spectrophotometric 
analysis of drying oils, and procedures for 
determining iodine value of dehydrated 
castor oils. The subcommittee plans to 
revise the Standard Specifications for 
Oiticica Oil (D 601 - 46) and to prepare 
specifications for fatty acids. 

Subcommittee III on Bituminous 
Emulsions (R. H. Cubberley, chairman) 
plans to revise the Tentative Methods of 
Testing Bituminous Emulsions for Use 
as Protective Coatings for Metal 
(D 1010-49 T), in collaboration with 
Committee D-8 on Bituminous Water- 
proofing and Roofing Materials. 

Subcommittee IV on Traffic Paint 
(W. G. Vannoy, chairman) plans to 
conduct cooperative work with the high- 
way departments of several states; the 
durability tests will include road service 
tests, the Goodyear accelerated tests, 
and various other accelerated tests. 
Work is being continued on the crush 
resistance, sieve analysis, wettability, 


6 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
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clarity, and chemical stability of glass 
spheres. 

Subcommittee V on Volatile Solvents 
for Organic Protective Coatings (M. B. 
Chittick, chairman) is continuing its 
cooperation with the Federation of 
Paint and Varnish Production Clubs and 
other interested groups in the revisions of 
the Standard Specifications for Petroleum 
Spirits (Mineral Spirits) (D 235 - 39). It 
is planning to conduct cooperative work 
to determine the difference in results 
when Methods D 1078 and D 86 are used 
in distillation tests of mineral spirits. 

Subcommittee VI on Definitions (G. G. 
Sward, chairman) is considering a 
definition for “silicone resin” and has 
tabled a proposal for a definition for 
“white creosote paint.” 

Subcommittee VII on Accelerated Tests 
for Protective Coatings (R. H. Sawyer, 
chairman) has undertaken a revision of 
the Standard Method of Preparation of 
Steel Panels for Testing Paint, Varnish, 
Lacquer, and _ Related Products 
(D 609-52) to include both the drop 
test and the contact-angle test to 
supplement the water-break test for 
cleanliness of panel surfaces. The group 
working on humidity testing is preparing 
a report. A new set of photographic 
standards has been prepared to replace 
those included in the Standard Method 
for Evaluating Resistance to Blistering 
of Paints on Metal when Subjected to 
Immersion or Other Exposure to Mois- 
ture or Liquids (D 714-45). The effect 
of the water source on the severity of 
failures under accelerated light and water 
exposures will be investigated. 

Subcommittee VIII on Methods of 
Chemical Analysis of Paint Materials 
(W. H. Madson, chairman) is bringing 
to a conclusion its revision of the 
Tentative Method of Analysis of White 
Pigments (D 34-51 T), and is actively 
working on a revision of the Standard 
Method of Chemical Analysis of Dry 
Mercuric Oxide (D 284 33). 


Subcommittee IX on Varnish (J. C. 
Weaver, chairman) plans to take up the 
problem of standardizing illuminantsand 
viewing conditions for the Gardner Color 


Standards as a sequel to the recom- 


mended redefinition of the standards. 
Work is continuing on skinning tests, 
drying time, driers and drier testing, and 
the determination of rosin. Work has 
been started on the analysis of phthalic 
anhydride, the abrasion resistance of 
floor varnishes, and acid numbers. 
Subcommitiee X on Optical Properties 
(M. P. Morse, chairman) prepared the 
proposed method of test for color 
difference measurements with the Hunter 
multipurpose reflectometer, and is con- 
tinuing its work on establishing methods 
of test for five other commercial color 
measuring instruments. It is continuing 
its work on hiding power and has 
organized a group: to develop a method 
for measuring the gloss of clear finishes 
over wood. Definitions for gloss, specular 
gloss, and luminous directional re- 
flectance are in preparation. The con- 
solidated gloss method has been recom- 
mended as a replacement for the present 
Standard Method of Test for 60-deg 
Specular Gloss (D 523 — 51). It has under 
study several revisions of the Standard 
Method of Test for Tinting Strength of 
White Pigments (D 332 - 36). 
Subcommittee XI on Resins (C. F. 
Pickett, chairman) prepared the pro- 
posed Specifications for High-Gravity 
Glycerin, and Methods of Sampling and 
Testing High-Gravity Glycerin, and the 
Method of Test for Nonvolatile Content 
of Resin Solutions. An ultraviolet method 
and a chemical method for the analysis 
of phthalic anhydride are being prepared 
as tentative revisions of the Standard 
Methods of Test for Phthalic Anhydride 
Content of Alkyd Resins and Resin 
Solutions (D 563-52). Work is con- 


‘tinuing on the applicability of the foil 


method to heat-sensitive resins, the 
viscosity of brittle resins in solution, 


| 
r 
e 
1S 
of 
al 
th 
T- 
nt 
to 
h- 
he 
ce 
ts, 
ts. 
ish 
ty, 
was 


340 REporRT OF CoMMITTEE D-1 


and the determination of softening point 
of resins. 

Subcommittee XIII on Shellac (C. C. 
Hartman, chairman) is continuing its 
work on the development of suitable 
methods for determining cold alcohol 
insoluble matter, polymerized bodies, 
and color of lac resins, and on the 
revision of the Standard Methods of 
Sampling and Analysis of Shellac 
(D 29-40). It is continuing its co- 
operation with Technical Committee 50 
on Lac Resins, of the International 
Standards Organization. 

Subcommittee XV on Specifications for 
Pigments Dry and in Oil (C. L. Crockett, 
chairman) prepared the revision of the 
Standard Specifications for Magnesium 
Silicate Pigment (D 605-42), and is 
preparing a revision of the Standard 
Specifications for Copper Phthalocyanine 
Blue (D963-49). An_ exploratory 
program of cooperative work has been 
outlined on a method for reporting the 
fineness characteristics of pigments. 

Subcommittee XVI on Printing Inks 
(M. C. Rogers, chairman) is bringing to a 
conclusion its work on a_ proposed 
method of test for fineness of grind and 
test methods for drying time and specific 
gravity. Progress is reported by the 
groups working on Definitions, Methods 
Review, Rubproofness, Rheology, and 
Paper-Ink Relations. 

Subcommittee XVII on Flash Point 
(A. L. Brown, chairman) revised the 
Proposed Method of Test for Flash 
Point by the Tag Open Cup, published 
in Appendix I as information, as a result 
of a cooperative work program by eight 
laboratories using three samples of 
hydrocarbon solvents with flash points 
in the range 75 to 100 F. It is planned 
to test other organic solvents, par- 
ticularly nonhydrocarbons, over the 
range of 20 to 80 F flash points. Work is 
under way on the development of 
improved equipment for determining the 
open-cup flash point of viscous ma- 
terials. 


Subcommittee X VIII on Physical Prop- 
erties of Materials (M. R. Euverard, 
chairman) prepared the proposed 
revisions for the Tentative Methods 
for Producing Films of Uniform Thick- 
ness of Paint, Varnish, Lacquer, 
and Related Products on Test Panels 
(D 823-—51T). Progress has been re- 
ported by the groups working on oil 
absorption, consistency of pastes, ad- 
hesion, hardness, water vapor permea- 
bility, fire retardency of paints, and flow 
properties. New groups have been 
organized for the study of the measure- 
ment of dry film thickness of coatings 
applied to nonmagnetic bases and the 
specific gravity of paint and paint 
materials. 

Subcommittee XXV on Cellulosic Coat- 
ings and Related Materials (F. H. Lang, 
chairman) prepared the revisions of tests 
for drying time, gloss, nonvolatile matter, 
and consistency in the Standard Methods 
of Testing Nitrocellulose Clear Lacquers 
and Lacquer Enamels (D 333 - 40). Ad- 
ditional work is in progress on a perspira- 
tion test, an improved print test, and a 
moisture change resistance test. 

Subcommittee XXIX on Painting of 
Metals (A. J. Ejickhoff, chairman) is 
continuing its work on the preparation 
of a method of classifying ferrous 
surfaces for painting and the preparation 
of aluminum surfaces for painting. A new 
group has been organized to work on the 
development of a method of preparation 
of magnesium surfaces for painting. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 352 voting members; 216 
members returned their ballots, of whom 
194 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
W. T. PEARCE, 
Chairman. 


W. A. GLOGER, 
Secretary. 
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NOTE 


‘Subsequent to the Annual Meeting, Committee D-1 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 


Tentative Method of: 


7 Revision of Tentative Methods of: 
Chemical Analysis of White Pigments (D 34-51 T). 
These recommendations were accepted by the Standards Committee on Septem- 


ber 9, 1953, and the new and revised tentative methods appear in the 1953 — 
ment to Book of ASTM Standards, Part 4. 


Test for Residual Odor of Lacquer Soluents and Diluents (D 1296-53 T), and q = * 
Test for No-Dirt-Retention Time of Traffic Paint (D 1297 — 53 T). an e 
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APPENDIX I 


PROPOSED METHOD OF TEST FOR VISCOSITY REDUCTION POWER 
OF HYDROCARBON SOLVENTS: ? 


Scope 


1. This method of test describes a 
procedure for determining the com- 
parative viscosity reduction power of 
hydrocarbon solvents for various types 
of resinous materials. The solvents 
should have an initial boiling point over 
40 C (104 F) and an end boiling point 
below 300 C (572 F) when determined 
in accordance with the Tentative Method 
of Test for Distillation Range of Lacquer 
Solvents and Diluents (ASTM Desig- 
nation: D 1078)* or the Standard Method 
of Test for Distillation of Gasoline, 
Naptha, Kerosine, and Similar Pe- 
troleum Products (ASTM Designation: 
D 86). 


Note.—Method D 86 is to be used to deter- 
mine the initial boiling point and dry point for 
mineral spirits and similar petroleum solvents. 
Method D 1078 is to be used for pure compounds 
and narrow boiling range cuts. 


Definition 


2. Viscosity Reduction Power is the 
ratio of the viscosity of the resin dis- 
persed in a control hydrocarbon to the 
viscosity of a dispersion of the same 
resin at the same concentration in a test 
hydrocarbon solvent. 


Apparatus 
3. (a) Glass Bottles, narrow mouth, 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the Com- 
pe D-1 on Paint, Varnish, Lacquer, and Related 
roducts. 
2 Published as information, June, pees. 
= 1952 Book of ASTM Standards, Part 
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This is a proposed method and is published as information only. — 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3 Pa. 


16-0z, with corks to fit; wide mouth, 
16-0z with screw cap and aluminum foil 
seal. 


Norte.—If desired, 1-pt friction top cans may 
be substituted. 


(6) Balance with weights, sensitivity 
of 0.05 g. 

(c) Mortar and Pestle, or other suitable 
equipment for grinding hard resin. 

(d) Mechanical Agitator.‘ 

(e) Temperature Regulator, suitable 
means of maintaining temperatures at 
25 + 0.5 C (77 + 0.9 F). 

(f) Viscosimeters of any approved 
type agreed upon by the buyer and the 
seller giving accurate results in centi- 
stokes or results which can be converted 
to centistokes. 


Note.—Capillary viscometers described in 
the Tentative Method of Test for Kinematic 
Viscosity (ASTM Designation: D 445)? or 
No. 4 Ford cup as described in the Tentative 
Method of Test for Viscosity of Paints, Var- 
nishes, and Lacquers by Ford Viscosity Cup 
(ASTM Designation: D 1200),5 are satisfactory. 


Reagents 


4. (a) Resin as agreed upon by the 
buyer and the seller. 

(b) Test Hydrocarbon Solvents. 

(c) Control Solvent as agreed upon by 
the buyer and the seller. 


‘4 Mechanical shakers that have been found to be satis- 
factory are either motor driven, reciprocating type shaking 
machines (A. "No. 8916) or Harbil Paint 


Mixers, to 1 
1982 Book “of eal SEM Standards Part 4. 
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Procedure 


5. (a) Hard Resins.—Into a clean, dry, 
16-0z narrow mouth, glass bottle, weigh 
the appropriate quantity of freshly 
ground lump resin to the nearest 0.05 
g (Note 1). Add the necessary volume of 
control hydrocarbon solvent. The weight 
of resin and the volume of solvent shall 
be agreed upon by the buyer and the 
seller and shall be in such proportion that 
the resultant dispersion will have a 
viscosity of 100 to 500 centistokes. 
The total volume of the dispersion shall 
be at least 300 ml. Prepare similar mixes 
with equivalent amounts of resin and the 
test hydrocarbon solvent. Cork the 
bottles tightly and disperse the resin in 
the solvents by mixing at room temper- 
ature with a mechanical agitator until 
dispersion is complete (Note 2). 

Norte 1.—Since many resins are subject to 
oxidation in storage, only large lumps should be 
selected for grinding in order to minimize the 
effects of oxidation. The resin should be ground 
sufficiently fine to assure uniform dispersion of 
the material, but should not be ground to the 
consistency of a “flour” due to difficulty in 
handling in that state. 

Note 2.—The test should be discontinued 
if the dispersion is not perfectly clear, since 
incomplete compatibility of resin and solvent 
is indicated. 

(b) Liquid Resins and Resin Solutions. 
—Into a clean, dry, 16-oz wide mouth, 
glass bottle, weigh the appropriate 
quantity of liquid resin or resin solution 
to the nearest 0.05 g. If the resin or 
resin solution is very viscous, mild 
heating to a maximum temperature of 
50 C will facilitate transfer to the 
bottle in which the dispersion is to be 
prepared, care being taken that solvents 
in a resin solution are not allowed to 
evaporate. Add the necessary volume of 
control hydrocarbon solvent. The weight 
of resin and volume of solvent shall be 
mutually agreed upon by the buyer and 
the seller and shall be in such proportion 
that the resultant dispersion will have 
a viscosity of 100 to 500 centistokes. 
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The total volume of the solution shall be 
at least 300 ml. Prepare similar mixes 
with equivalent amounts of liquid resin 
or resin solution and test hydrocarbon 
solvents. Cap the bottles tightly and 
disperse the liquid resin or resin solution 
in the solvents by mixing at room tem- 
perature with a mechanical agitator for 
at least 15 min (Note 3). 

If there is any lint or dirt in the dis- 
persion after mixing is complete, the 
bottle should be centrifuged before 
viscosity determinations are made. In 
order to obtain reliable data, duplicate 
mixes should be prepared for each test. 
Determine the viscosity of each mix in 
centistokes at 25 C, using suitable 
temperature control, by means of any 
approved apparatus agreed upon by the 
buyer and the seller. 


shall be allowed to stand at room temperature 
to eliminate air bubbles but viscosity shall be 
determined as soon as possible after bubbles 
have cleared. 


Calculation 


6. Calculate the viscosity reduction | 
power, VRP, as follows: 


Norte 3.—When solution is complete, bottles 


viscosity of control solvent 
dispersion in centistokes 

viscosity of test solvent 
dispersion in centistokes 


VRP 


100° 


When VRP is less than 100, the test 
hydrocarbon solvent has a lower VRP 
than the control. When VRP is greater 
than 100, the test solvent has a hier 
VRP than the control. a 
Precision 

7. Results obtained in any one labor- 
atory should not deviate from the 
average of two or more laboratories by 
more than +15 per cent. 


Nore.—Limits of accuracy that may be 
expected with various types of viscosity equip- 
ment are found in the Standard Methods ot 
Testing Varnishes (ASTM Designation: D 
154),® Section and (c). 
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APPENDIX II 


PROPOSED METHOD OF TEST FOR FLASH POINT OF VOLATILE FLAM- 
MABLE MATERIALS BY TAG OPEN-CUP APPARATUS!:? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. (a) This method describes a test 
procedure for the determination of 
open-cup flash points of volatile flam- 
mable materials having flash points 
below 175 F. 

(b) This method, when applied to 
paints and resin solutions which tend 
to skin over or which are very viscous, 
gives less reproducible results than when 
applied to solvents. 


Note 1.—A value in excess of 80 F by this 
method has been established by the U. S. Inter- 
state Commerce Commission as the minimum 
value for classifying liquids as nonflammable. 
Materials having a flash point at or below that 
value must be identified with an ICC Red 
Label for interstate shipment by common car- 
rier within the USA.* 


Outline of Method 


2. The sample is placed in the cup of 
a Tag Open Tester, and heated at a 
slow but constant rate. A small test 


1 This proposed method is under the jurisdiction of the 
ASTM — D-1 on Paint, Varnish, Lacquer, and 
Related 

This method is based on the Manufacturing 
Chemists’ Association Draft for Flash Point Determina- 
tion of Lay, for Classification under tcc Regulations 
by Taglia bue Open Cup. 

*, Published as information June, 1952; Revised, June, 
19. 


For details of ICC shi; regulations, see &, 
issued March 15, Campbell agent 30 Vesey 


New York 7 terstate Commerce 
ck 7. rtation of Explosives 

s Articles by and Water in Rail 

by Vehicle (hy and water) includ- 
ing Specifications § lor Shipping mtainers. (Regulations 
for transportation in rai services 


express an 
are also included + I 4 “for int information.) 


flame is passed at a uniform rate across 
the cup at specified intervals. The 
flash point is taken as the lowest tem- 
perature at which application of the 
test flame causes the vapor at the sur- 
face of the liquid to flash, that is ignite 
but not continue to burn. senha 


Apparatus 

3. (a) Flash Tester—Tag Open-Cup 
Tester (Fig. 1) as described in detail in 
the Supplement. 

(b) Shield—As described in detail in 
the Supplement. 

(c) Thermometer—For flash points 
above 40 F, use the ASTM Tag Closed 
Tester Thermometer, range of +20 to 
+230 F, in 1 F divisions, and conform- 
ing to thermometer 9F of ASTM 
Standard E 1.‘ For flash points below 
40 F, use ASTM Tag Closed Tester, Low 
Range, thermometer 57F. 

Note 2.—The original Tag Open Cup Ther- 


mometer is a permissible alternate. It is cali- 
brated to —20 F. 


Procedure 


4. (a) Place the tester on a solid table 
free of vibration, in a location free of 
perceptible draft, and in a dim light. 

(6) Run water, brine, or water-glycol 
solution into the bath to a predeter- 
mined level, which will fill the bath to 


4 to Book of ASTM Standards, Parts 
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Fic. 1.—Tag Open-Cup Flash Tester. 
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4 in. below the top when the cup is in 
place. An overfiow is permissible for 
water level control. 

(c) Firmly support the thermometer 
vertically halfway between the center 
and edge of the cup on a diameter at 
right angles to the guide wire, or on a 
diameter passing through the center of 
the cup and the pivot of the taper. 
Place so that the bottom of the bulb 
is } in. from the inner bottom surface 
of the cup. 


Nore 3.—If the old Tagliabue thermometer 
is used, immerse to well cover the mercury bulb, 
but not the wide body of the thermometer. 


(d) Fill the glass cup with the sample 
liquid to a depth just $ in. below the 
edge, as determined by the leveling 
device. 

(e) Place the guide wire or swivel 
device in position, and set the draft 
shield around the tester so that the sides 
form right angles with each other, and 
the tester is well toward the back of the 
shield. 

(f) If a guide wire is used, the taper, 
when passed should rest lightly on the 
wire, with tne end of the jet burner just 
clea. of the edge of the guide wire. If 
the swivel type holder is used, the 
horizontal and vertical positions of the 
jet are so adjusted that the jet passes 
on the circumference of a circle, having 
a radius of at least 6 in., across the center 
of the cup at right angles to the diameter 
passing through the thermometer, and 
in a plane $ in. above the upper edge of 
the cup. The taper should be kept in 
the “off” position, except when the 
flame is applied. 


(g) Light the ignition flame and 
adjust it to form a flame 3; to 25 in. 
in diameter. 

(hk) Place the heater flame under the 
center of the bath, and adjust it so that 
the temperature of the sample increases 
at a rate of 2 + 0.5 F per min. 


Note 4.—With viscous materials, this rate of 
heating cannot always be obtained. 


Initial Test 


5. Determine an approximate flash 
point by passing the taper flame across 
the sample at intervals of 2 F. The time 
required to pass the ignition flame 
across the surface of the sample should 
be about 1 sec. 


Nore 5.—Remove bubbles from the surface, 
of the sample liquid before starting a determina- 
tion. 

Note 6.—When determining the flash-point 
of viscous liquids and those liquids which tend 
to form a film of polymer, etc., on the surface, 
the surface film should be disturbed mechani- 
cally each time before the taper flame is passed. 


Repeat Test 


6. Repeat the procedure by cooling a 
fresh portion of the sample, the glass 
cup, the bath solution, and the ther- 
mometer at least 20 F below the ap- 
proximate flash-point. Resume heating, 
and pass the taper flame across the 
sample at two intervals of 5 F and then 
at intervals of 2 F until the flash-point 
occurs. 


Precision 


7. For hydrocarbon solvents having 
flash points between 70 F and 110 F, 
the repeatability is +2 F and the 
reproducibility +5 F. 
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Fig. 1. It consists of the following parts, which 
must conform to the dimensions shown, and 
have the additional characteristics as noted: 

(a) Copper Bath, preferably equipped with a 
constant level overflow so placed as to maintain 
the bath liquid level ¢ in. below the rim of the 
glass cup. 

(b) Thermometer Holder.—Support firmly with 
ring stand and clamp. 


Fic. 2.—Glass Test Cup. 


(c) Glass Test Cup (Fig. 2), of molded clear 
glass, annealed, heat-resistant, and free from 
surface defects. 

(d) Leveling Device, or guide, for proper ad- 
justment of the liquid level in the cup (Fig. 
3). This shall be made of No. 18-gage polished 
aluminum, with a projection for adjusting the 
liquid level when the sample is added to exactly 
+ in. below the level of the edge or rim of the 
cup. 


dimensions for heating the bath. A screw clamp 
may be used to help regulate the gas. A small 
electric heater may be used. 

(f) Ignition Taper, which is a small, straight, 
blow-pipe type gas burner. The test flame torch 
prescribed in the Standard Method of Test for 
Flash and Fire Points by Means of Open Cup 
(ASTM Designation: D 92)! is satisfactory. 


(g) Alternate methods for maintaining the | 
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SUPPLEMENT 
APPARATUS 
AL. The Tag Open-Cup Tester is illustrated in (e) “Micro,” or Small Gas Burner of suitable 7 


ignition taper in a fixed horizontal plane above 
the liquid may be used, as follows: 

(1) Guide Wire, # in. in diameter and 3} 
in. in length, with a right angle bend 4 in. 
from each end. This wire is placed snugly in 
holes drilled in the rim of the bath so that 
the guide wire is § in. from the center of the 
cup and resting on the rim of the cup. 


be 5" 


2 2" 


Fic. 3.—Leveling Device for Adjusting Liquid — 
Level in Test Cup. : 


Nore 5.—Two guide wires located } and 

¢ in., respectively, from the center of the cup 7 
and parallel to each other is a permissible - 
alternate. 

(2) Swivel-Type Taper Holder, such as is 
used in ASTM Method D 92. The height 
and position of the taper is fixed by adjust- 
ing the holder on a suitable ring-stand sup- 
port adjacent to the flash cup. 


(hk) Draft Shield, consisting of two rectangular 
sheets of noncombustible material, 24 by 28 
in., are fastened together along the 28-in. side, 
preferably by hinges. A triangular sheet, 24 by 
24 by 34 in., is fastened by hinges to one of the 
lateral sheets (to form a top when shield is open). 
The interior of the draft shield shall be painted 
a flat black. 


‘ 5 oe Supplement to Book of ASTM Standards, Parts 
and 5. 
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REPORT OF COMMITTEE D-2 
ON 


PETROLEUM PRODUCTS AND LUBRICANTS* 


The following recommendations of 
the subordinate groups of Committee 
D-2 on Petroleum Products and Lubri- 
cants have been approved by Committee 
D-2, in accordance with the regulations 
of the Society, and are presented here- 
with. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


Committee D-2 recommends that the 
following seven proposed methods be 
published as information only, as ap- 
pended to this report,' or as otherwise in- 
dicated: 


Appendix I. Functional Life of Ball Bearing 
Greases. 

Appendix II. Chlorine in Lubricating Oils 
(Sodium Alcoholate Volumetric Method). 

Appendix III. Method of Test for Sodium in 
Residual Fuel Oil—Flame Photometric 
Method. 

Appendix IV. Recommended Practices for 
Applying Precision Data Given in ASTM 
Methods of Test for Petroleum Products and 
Lubricants. 

Appendix V. Weathering Test of Liquefied 
Petroleum Gas (Based on NGAA Method). 

Appendix VI. Proposed Methods for Analysis 
of Graphite. 

Appendix VII. Test for Water in Petroleum 
Products and Bituminous Products (Pub- 
lished as information in 1952. See Appendix 
V, 1952 Report of Committee D-2).? The ap- 
paratus shown in Figs. 1 and 2 is to be revised 
as shown in the accompanying Figs. 1 and 2. 


New TENTATIVES 


Committee D-2 recommends that the 


* Presented at the ro. Annual Meeting of the 
June 29-July 3, 
See pp. 364, 369, be 09, 384, and 387. 
Soc. Testing Mats., Vol. 52, p. 
358 (1952). 


following methods of test be accepted 
for publication as tentative:* 
Tentative Methods of Test for: 


Effect of Grease on Copper. 

Leakage Tendencies of Automotive Wheel 
Bearing Grease. 

Water Washout Characteristics of Lubricating 
Greases. 

Sampling Liquefied Petroleum Gas. (This 
method has been removed from ASTM 
Method D 270-52T, Sampling Petroleum 
and Petroleum Products.) This recommenda- 
tion is submitted jointly with Committee D-3 
on Gaseous Fuels. 

Sulfur in Petroleum Products and Liquefied 
Petroleum Gases by the CO:O; Lamp 
Method. (This method is an enlargement of 
Appendix VI, 1949 Report of Committee 
D-2.) 

Lead in New and Used Greases. 

Unsaturated Light Hydrocarbons (Silver— 
Mercuric Nitrate Absorption). 

Vapor Pressure of Liquefied Petroleum Gas. 

Polarographic Determination of Tetraethyllead 
in Gasoline. (See Appendix VI, 1952 Report 
of Committee D-2.)* This method is to be 
revised as follows: 

Title—Add a footnote reference after the 
Title; the footnote to read: 

“Research Division III on Elemental Anal- 
ysis plans to investigate cooperatively another 
polarographic method based on an instrument 
developed by Offut and Sorg which is de- 
scribed in Analytical Chemistry, Vol. 22, p. 1234 
(1950). The instrument indicates TEL content 
directly when fixed potentials are applied by 
means of push buttons across the electrolysis cell. 
Following the investigation, consideration will be 
given to the inclusion of such a procedure in this 
tentative method.” 

Add a new Note 1 to read as follows, renum- 
bering subsequent notes and references thereto 
in the text accordingly: 

“Norte 1.—Another method, Method D 526, 
Test for Tetraethyllead in Gasoline, is also avail- 

3 The new tentatives were accepted by the Society and 

apes LT 1953 Supplement to Book of ASTM Stand- 


( 4 Proceedings Am. Soc. Testing Mats., Vol. 52, p. 365 
1952). 
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able for this purpose. These two methods give 
equivalent results within their stated precision 
limits.” 

Precision —Add a Section 8 on Precision to 
read: 


“8, Precision.—The following data should be 


10 mi. in tenths, 
0400+ fifths 


(6) The results submitted by each of two 
laboratories should be considered suspect if they 
differ by more than the following amounts: 

Reproducibility... . 0.06 + 0.027 (TEL con- 

tent in ml per U S gal). 


Table I.—Delete. 


O-1.0 mi. in tenths 
1.0-250- fifths 


Special 14-15 LD 15-16 1.0. 
Condenser 
3523 
Outside Tip | Special 
Rad. 2.520.5 Condenser 
Details of 
10 mi. Trap. | Outside Tip 
Rod.2.5205 30° from 
3523 4 vertical 
4 
703 
Details of | 
25 mi. Trap. a 
Metal Still to be of 
Copper or Brass. 8 
Dimension [Omi.Ti 
A 16525 25025 
15025 95:5 ——+ 8 15025 23525 
re 
All dimensions in 
millimeters unless 
otherwise shown. 


Fic. 1.—Apparatus for Determining Water in Petroleum and Bituminous Products. 


used for judging the acceptability of results (95 
per cent probability.” 

(a) Duplicate results obtained by the same 
operator should be considered suspect if they 
differ from each other by more than the follow- 
ing amounts: 

Repeatability.... 0.03 + 0.022 (TEL con- 

tent in ml per U S gal). 


_ REVISION OF TENTATIVES 


Committee D-2 recommends revision 
of the following 12 tentatives, as ind 7 
cated: 


D 270-52 T,> Sampling Petroleum and 
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Ball and Socket 
35/25 


iebig Condenser 
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|DIMENSION mi.TRAP 25 mi. TRAP 
Socket 35/25 A 19025 | 265+ 
B 173¢5 | 250¢5 
— C | 2055 | 285t5 
\ 15°] D | 255¢5 


All dimensions in millimeters — 
unless otherwise shown. 


ise! 


15-18 O.D. 


$24/40 


7 
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aS 
| 
GS 
| = | 
= = | 
= 
Liebig Drip-tip 
J Liebig Condenser 
24/40 
| 25-28 on. 9083, 2900. Approx. 
| — 
| ED) 
= | | 
= | =| 
_ ; . Fic. 2.—Construction Details of Condensers for Water Determination. 
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Petroleum Products, revise as follows: 


Section 1.—Change the scope to read: 

“1. This method describes the standard 
procedures for obtaining representative samples 
of stocks of shipment of petroleum and its 
products, except butanes, propanes, and other 


“Note 1.—The procedure for sampling 
liquefied petroleum gases is described in ASTM 
Method D 1265, and for sampling electrical 
insulating oils in ASTM Method D 923.” 

Table I.—In the sub-table on sampling for 
specific tests, delete the third line from bottom 
which reads “D 923 Electrical Insulating 

Table II .—Delete “Sampling Liquefied Petro- 
leum Gases” and corresponding references under 
each column of the main table. 

Section 4(d).—Delete. 

Section 8(a)—Delete “(Except Liquefied 
Petroleum Gases)” from paragraph heading. 

Section 8(c).—Delete “...such as electrical 
insulating oils.” 

Section 8(d).—Delete ‘See Section 49 for 
Liquefied Petroleum Gases.” 

Section 9.—Delete the last sentence. 

Sections 43 to 51.—Delete the entire procedure 
for sampling liquefied petroleum gases and also 
Fig. 7. Renumber other sections accordingly. 

Section 52.—Delete “D 923 Electrical In- 
sulating Oils... .57” in reference table. 

Section 57.—Delete this entire procedure for 
sampling electrical insulating oils. 


 D_ 445-52 Kinematic Viscosity. 
The method has been revised as 
7 - appended hereto,® and a number of 
appendices describing the various vis- 
cometers have been included. 
D 526-48T,° Tetraethyllead in Gaso- 
line, revise as follows: 


_ Add a new Note 1 to read as follows, re- 
numbering subsequent notes and references 
thereto in the text accordingly: 

“Note 1.—Another method, Method D 1269, 
Test for Polarographic Determination of Tetra- 
ethyllead in Gasoline, is also available for this 
purpose. These two methods give equivalent 
results within their stated precision limits.” 

Section 4(h).—Include the following as a new 


5 1952 Book of ASTM Standards, Part 5. 
6 The revised method was accepted by the Society and 
esi in - 1953 Supplement to Book of ASTM Stand- 


Section 4(i), relettering the present paragraphs 
accordingly: 

“(h) Potassium Chlorate—Nitric Acid Solu- 
tion.—Dissolve 78 g of potassium chlorate in 
550 ml of concentrated nitric acid.” 

Section 5(b).—Change to read: 


“(b) Evaporate the aqueous extract to dryness 
(Note 4). Add 3 ml of concentrated nitric acid : 
to the residue and heat to oxidize any organic 


material present (Note 5). Repeat the nitric acid 
treatment. If a white residue is not obtained 
after two additions of nitric acid, oxidize the 
remaining organic matter with the potassium 
chlorate-nitric acid mixture as described in 
Note 5. Add 4 ml of dilute nitric acid mixture 
and 25 ml of distilled water; heat until all the 
lead salt is in solution.” 

Note 4.—Continue Note 3 without change and : 
add a new Note 5 to read: 

“Note 5.—If the residue flashes on being 
heated with nitric acid, the sample should be 
discarded and the acid extraction repeated on 
another sample of the gasoline. Then evaporate 
the extract until crystallization commences, but 
not to complete dryness. Add 10 ml of potassium 
chlorate-nitric acid mixture, cover the beaker 
with a watch glass‘and evaporate the mixture 
almost to dryness. Repeat this treatment, if 
necessary, to obtain a white residue.” 

Section 6.—Revise to read: 


“6. Calculation.—Calculate the concentration 
of tetraethyllead as follows: 
Tetraethylleaad = K X — 
where: 
G = grams of lead chromate, 
V = milliliters of sample (50 or 100 ml), and 


K = multiplier varying with sample temper- 
ature as given in Table I or Table II.” 
Table I.—Add a new Table I as follows: 


TABLE I.—VALUES OF K. 


Reporting Units 
Sample 


Temperature 
* |milperUS; ml per ml per 
deg Fabr gal at Imperial liter at 
60 gal at 60 F OOF 
2274 2731 600.5 
2282 2740 603.0 
2290 2750 605.0 
2298 2760 607.0 
2306 2770 609.0 
2314 2779 611.5 
2322 2789 613. 
2331 2800 616.0 7 
2340 2810 618.0 
2348 2820 620.0 
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Note 6.—Add new Note 6 to read: 

“Note 6.—The multiplier K is obtained by 
using 1.65 as the density of tetraethyllead 
at 60 F, 0.9981 as an empirical factor for con- 
verting lead chromate to TEL, 3785.3 and 
4546.1 as the number of milliliters of U S 
and Imperial gallons, respectively, and Group 4 
factors of Table 7 or 25, Abridged Volume Cor- 
rection Tables of ASTM D 1250 and IP 200 
Petroleum Measurement Tables.” 

Table II—Add a new Table II as follows: 


TABLE II.—VALUES OF K. 


Sample Temperature, Reporting Unit, 
deg Cent ml per liter at 15 C 

601.1 
604.9 

608.8 

612.7 

616.7 


Note 7.—Add new Note 7 to read: 

“Note 7.—The multiplier K is obtained by 
using 1.65 as the density of tetraethyllead 
at 15 C, 0.9981 as an empirical factor for con- 
verting lead chromate to TEL, and Group 4 
factors of Table 55, Abridged Volume Cor- 
rection Tables, of ASTM D 1250 and IP 200, 
Petroleum Measurement Tables.” 

Section 7.—Revise to read: 

“7, Precision—The following data should be 
used for judging the acceptability of results (95 
per cent probability).” 

(a) Duplicate results by the same operator 
should be considered suspect if they differ by 
more than the following amounts: 

Repeatability.... 0.03 + 0.022 (TEL con- 

tent in ml per US gal). 

(b) The results submitted by each of two 
laboratories should be considered suspect if they 
differ by more than the following amounts: 

Reproducibility.... 0.06 + 0.027 (TEL 

content in ml per 
US gal). 
D 611-51 T,5 Aniline Point and Mixed 

Aniline Point of Petroleum Products 

_and Hydrocarbon Solvents, revise as 
follows: 


Note 1.—Delete, and renumber subsequent 
Notes. 

Section 4(a).—Change to read: 

“4, (a) Test Tube or Thin-Film Apparatus, 
made of heat-resistant glass and conforming to 
the dimensions prescribed in the Appendix.” 

Table I.—Replace with the following: 
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TABLE L—REQUIREMENTS FOR #-HEPTANE. 


—0.2 to +0.2 
Density at 20 C, g per OD sides | 0.68375 + 0.00015 
Refractive Index, 206 1.38775 0.00015 
Freezing Point®, deg Cent...... —90.72 min 
Distillation®: 

Temperature of 50 per cent re- 

covery, deg Cent 

Temperature increases from 20 

= per cent recovery, deg 


98.43 4: 0.05 


0.20 max 


Footnotes “a” and “b’.—Continue without change. 


Section 7.—Change to read: 

“7. Two methods, to be used as applicable, 
are covered as follows: 

Method 1, described in detail in the Appendix, 
is applicable to clear, light-colored samples or to 
samples not darker than No. 8 ASTM color, as 
determined by ASTM Method D 155, Color of 
Lubricating Oil and Petrolatum by Means of 
ASTM Union Colorimeter. 

Method 2, described in detail in the Appendix, 
is applicable to light-colored samples, to moder- 
ately dark samples, and very dark samples.’’ 

Note 4.—Add Note 4 to read: 

“Note 4.—The U-tube equipment for the 
determination of aniline point, which appeared 
as Method B in the Appendix to ASTM Method 
D 611 - 52 T, is an acceptable alternate, but has 
been dropped since Methods 1 and 2 together 
are adequate for all samples covered by the 
scope of this method.” 

A ppendix.—Revise as follows: 

Method A.—Retitle as Method 1. 

Section A2, Paragraph (b).—Give the number 
5 to the unnumbered note and to the reference to 
the Note in this section. Change reference from 
Note 4 to Note 3. 

Method B.—Delete. 

Figs. 2 and 3.—Delete. 

Method C.—Retitle as Method 2. 

Section A5 and A6.—Renumber as A3 and 
A4. 

Figs. 4 and 5.—Renumber as Figs. 2 and 3, 
respectively; also renumber references in text 
of present Sections A5 and A6 accordingly. 


Section A6, Paragraph (a).—Change Note 4 
to Note 3. 

Section A6, Paragraph (b).—Give the number 
6 to the Note and to the reference to this Note 
in the Section. 

Footnote 7.—Change to Footnote 6 to agree 
with reference in the test. 


D 665-52T,® Rust-Preventing Char- 
acteristics of Steam Turbine Oil in 


| 


’ the Presence of Water, revise as 
follows: 


Section 4 (a)—Change last sentence to read: 
“The steel specimen, either new or from a 
previous test (Note 4), shall be prepared as 
described in Paragraphs (6) and (c).” 

Add a new Note 4 to read: 

“Note 4.—When making a check test, the 
steel specimen that showed rust should not be 
re-used. Specimens that repeatedly show rust in 
tests of various oils may be imperfect. Such 
specimens should be used with oils known to 
pass the test. If rusting occurs in repeat tests, 
these specimens should be discarded.” 

Renumber subsequent Notes 4, 5, and 6, and 
references thereto, accordingly. 

Section 7.—Revise this section and Note 7 to 


read: 

“7, Report.—(a) Since the test may be per- 
formed either by Procedure A or Procedure B, 
and since it may be conducted for various periods 
of time (Note 7), reports of results should in- 
dicate the procedure followed, for example, 
Rusting Test, 24 hr with distilled water; or, 
Rusting Test, 48 hr with synthetic sea water. 

(b) All inspections at the end of the test to 
determine the condition of specimens shall be 
performed without magnification under normal 
light. For the purpose of this test, normal light 
is considered to be illumination of about 60 
foot candles. Within the meaning of this method, 
a rusted specimen is one on which any rust spot 
or streak is visible by the above inspection 
procedure. 

(c) In order to report an oil as passing or 
failing, the test must be conducted in duplicate. 
An oil shall be reported as passing the test if 
both specimens are rust-free at the end of the 
test period. An oil shall he reported as failing 
the test if both specimens are rusted at the end 
of the test period (Note 8). If one specimen is 
rusted while the other is free of rust, tests on two 
additional specimens shall be made (Note 4). 
If either of these latter specimens shows rusting, 
the oil shall be reported as not passing the test. 
If neither of these latter specimens shows rusting, 
the oil shall be reported as passing the test.” 

Note 8.—An indication of the degree of 
rusting occurring in this test may be desired. 
For uniformity in such cases, use of the following 
classifications of rusting severity is recom- 
mended: 

Light rusting —Rusting confined to not more 
than six spots, each of which is 1 mm or 
less, in diameter. 

Moderate rusting.—Rusting in excess of the 
above but confined to less than 5 per cent 
of the surface of the specimen. 
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Severe rusting.—Rusting covering more 
5 per cent of the surface of the specimen.” 


in Petroleum Distillates. This Method © 
has been rewritten as appended 
hereto.® 

D 910-52 T;5 Aviation Gasolines, revise 
as follows: 


D 875-46T,> Olefins and Method 


Section 2.—Revise to read: 
“2. Grades.—Five grades of aviation gasoline 
are provided, known as: 


Grade 80-87 
Grade 91-98 
Grade 100-130 q a 
Grade 108-135 

Grade 115-145” 


Table I.—Add a new column of requirements 


for Grade 108-135 to read: Pail 
Grade 
108-135 
Knock value, min, octane | 
number, lean rating.......... fsooctane plus 0.22 ml. 
tetraethyllead per 
gallon 
Knock value, min, octane 
number, rich rating.......... isooctane plus 1.68 ml. 
of tetraethyllead 
per gallon 
brown 
Dye Content: 
a blue dye, max, mg 
3.12 
Permissibic yellow dye, max, 
none 
Permissible red dye, max, mg 
Per 2.7 
Permissible orange dye, max, 

6.0 
Tetraethyllead, max, ml per gal. . 3.0 7 
Net heat of combustion, min, Btu 

18 800 


Also in Table I change the requirements for 
permissible maximum blue as follows: 


Grade Grade Grade Grade 
80/87 91/98 100/130 115/145 


“Dye Content: 
Be rmissible blue dye@ 
max, mg per gal...... 0.5 5.7 4.7 4.77 


In the case of the new dye, permissible orange, 
as specified above for Grade 108-135, in Table I 
add “none” for this item for Grades 80-87, 
91-98, 100-130, 115-145. 
Following footnote g, add the parenthetical 
phrase “‘(Color"Index No. 24).”’ 
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Reletter all subsequent footnotes and refer- 
ences to them appearing in Table I. 

Section 9(c).—Change to read as follows in- 
cluding Notes 1 and 2 below: 

“(¢) Color.—Color comparison may be made 
by any suitable apparatus or by visual exami- 
nation, using identical transparent containers 
fer the aviation gasoline sample and for the 
appropriate maximum and minimum color 
standards (Notes 1 and 2). Color standards 
which have been exposed to light more than 
24 hrs shall not be used for this test.’’ 

“Note 1.—One-gallon maximum and mini- 
mum color standard samples for Grades 80-87, 
91-98, 100-130, and 115-145 may be obtained 
upon request to the Commanding General, Air 
Materiel Command, Wright Field, Dayton, 
Ohio. Requests for such samples shall include 
the following information: identification of 
color standard desired (color and whether 
maximum- or minimum-intensity), number of 
containers desired, and consignee address.”’ 

“Norte 2.—One-gallon maximum and mini- 
mum color standard samples for grade 108-135 
may be obtained from the American Society 
for Testing Materials, 1916 Race St., Phila- 
delphia 3, Pa., at the cost of one dollar per 
sample.’’ 


D 943 - 47 T,5 Oxidation Characteristics 
of Inhibited Steam Turbine Oils, 
revise as follows: 


Section 4(a).—Change to read: 

“4(a). Catalyst of low metalloid steel wire', 
No. 16 Washburn and Moen gage (0.0625 in. 
diameter) and of electrolytic copper wire No. 14 
American Wire gage (0.064 in. diameter).” 

Footnote 4.—Revise to read: 

‘“4ASTM Specifications A129-SOT type 
“C” low metalloid steel wire is satisfactory. 
If this steel is not available, other equivalent 
steels may be used, provided they are found to 
be satisfactory in comparative tests using 
ASTM Method D 943, Test for Oxidation 
Characteristics of Inhibited Steam Turbine 
Oils.” 


D 974-52T, Neutralization Value 
(Acid and Base Numbers) by Color 
Indicator Titration, revise as follows: 


Section 7(c).—Add the following new Note 7; 
renumbering present Note 7 as 8. 

“Note 7.—The titration solvent usually 
contains weak acid impurities which react with 
the strongly basic components of the sample. To 
correct the strong-base number for the sample, 
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it is thus necessary to determine an ccid number 
blank upon the solvent.” 

Section 8.—Change to read: 

“8. Procedure for Strong Base Number.— 
(a) If the titration solvent containing the dis- 
solved sample assumes a green or greenish- 
brown color after the indicator is added (Sec- 
tion 7(a)), carry out the titration as described 
in Section 7(b), but use 0.1 N HCl and titrate 
until the green-brown color changes to orange. 

(6) Blank. Make a blank titration as directed 
in Section 7(c), (Note 7). 

Section 9(b).—Revise to read: 

Blank.—Into a 250-ml Erlenmeyer 
flask, introduce 200 ml of the same boiling 
distilled water as used for the sample titration. 
Add 0.1 ml of methyl] orange indicator solution. 
If the indicator color is yellow-orange, titrate 
with 0.1 N HCl to the same depth and shade of 
color obtained in the titration of the sample. If 
the indicator color is pink or red, titrate with 
0.1 N KOH to the same end point as that used 
in the sample titration.” 

Section 10.—Revise to read: 

10. Calculations—(a) Calculate the total 
acid number as follows: 


Tota] Acid Number, mg of KOH per g 


- (A — B)N X 56.1 
W 


where: 
A = milliliters of KOH solution required for 
titration of the sample (Section 7(5)), 
milliliters of KOH solution required for 
titration of the blank (Section 7(c)), 
N = normality of the KOH solution, and 
W = grams of sample used. 

(b) Calculate the strong-acid number as 
follows: 


(1) If the blank titration is made with acid: 


Strong-acid number, mg of KOH per g 


- (CN + Dn) X 56.1 
W 


milliliters of KOH solution required to 
titrate the water extract (Section 9(a)), 


milliliters of HC1 solution required to 
titrate the blank solution (Section 9(5)), 


= normality of the KOH solution, 
normality of the HCl solution, and 
= grams of sample used. 

(2) If the blank titration is made with base: 


N 
t= 
W 


4 
— 
i” 
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Strong-acid number, mg of KOH per g 
(C — D)N X 56.1 


W 


where: 
C = milliliters of KOH solution required to 
titrate the water extract (Section 9(a)), 
D = milliliters of KOH solution required to 
titrate the blank solution (Section 9(d)), 
N = normality of the KOH solution, and 
W = grams of sample used. 
(c) Calculate the strong base number as 
follows: 


Strong-base number, mg of KOH per g 


(En + FN) X 56.1 
W 


E = milliliters of HCl solution required for 
titration of the sample (Section §8), 
milliliters of KOH required for titration 
of the acid number blank, 

= normality of the HCl solution, 

= normality of the KOH on and 
= grams of sample used.” 


975-52T,*> Classification of Diesel 
Fuel Oils, revise as follows: 


Table I—Make the following changes: 

Delete the numerical value of 20 for the 
grade No. 1-D fuel in the column headed “Pour 
Point, deg. Fahr.,” but retain footnote “bd.” 

Delete footnote “d’” from the present classi- 
fication. 

Add a letter “d” opposite ““Cetane Number,” 
and include a footnote “d” to read: 

“dé Where cetane number by the Cetane 
Method (ASTM Method D 613) is not available, 
Calculated Cetane Index, see Appendix II, 
may be used as an approximation. Where there 
is disagreement, the Cetane Method (ASTM 
Method D 613) shall be the referee method.” 

Appendix II.—Delete footnote 5; renumber 
subsequent footnotes. 


D 1021-49T,5 Oxygen in Butadiene 
Vapors (Manganous Hydroxide 
Method), revise as follows: 


ll 


Section 1.—Revise the scope to read: 

“1, This method describes a procedure for the 
determination of low concentrations of oxygen 
(0.02 to 6.0 per cent) in the vapor above liquid 
butadiene when the sample does not contain such 
oxidizing or reducing gases as hydrogen sulfide, 
sulfur dioxide, and the oxides of nitrogen.” 

Section 3.—Add a new Paragraph (c) to 
read: 

“(¢) Mechanical Agitator, giving vigorous 


agitation, in which the liquid shall be thrown 
from side to side in the flask, breaking and re- 
establishing the liquid surface on each cycle.” 

Section 4(a)—Change to read: 

(a) Manganous Chloride Solution (50 g 
MnCl; per !).—Dissolve 78.6 g of MnCl-4H:O0 
in water and dilute to 1 liter.” 

Section 6(a)—Change to read: 

“6. (a) Wash the apparatus thoroughly. After 
drying the outside and inside of the flask, tubes 
and calibrated cylindrical funnel, connect to a 
vacuum line at a pressure of 1 mm or less to 
complete drying.” 

Section 6(c)—Change sentence one to read as 
follows: “Place 75 ml of MnCl solution in the 
calibrated tube of the separatory funnel.” 
Change sentence 4 to read: 

“Add 15 ml of NaOH solution.. 
Saari flask; shake the flask vigorously it in — | 


mechanical agitator continuously for 10 min.” 
Section 8.—Revise to read: 
8. Precision.—Results should not differ from 
the mean by more than the following amounts: 


Reproducibility, 
Repeatability, ‘Different 
Oxygen Content, Same Operator and Operators and 
per cent by volume Apparatus Apparatus 
0.10 0.20” 


D 721-51 T, Oil Content of Paraffin 
Waxes,> replace this method by the 
Method of Test for Oil Content of Pe- 
troleum Waxes published as informa- 
tion in Appendix IX of the 1952 Report 
of Committee D-2,’ revising Section 
8 to read as follows: 


“Precision.—8. The following data should be 
used for judging the acceptability of results 
(95 per cent probability). : 
(a) Duplicate results by the same operator 
should be suspect if they differ by more than oo 
following amounts: 


Oil Content, per cent Repeatability 
5 per cent of mean 


(b) The results submitted by each of two 
laboratories should be suspect if they differ by 
more than the following amounts: 


Oil Content, per cent Reproducibility 
0.2 per cent 
7.5 per cent of mean or 


0.2 per cent (absolute) 
whichever is greater” 


REVISION OF STANDARD AND REVERSION 7 
TO TENTATIVE 


Committee D-2 recommends that the 


1 Proceedings, Am. Soc. Testing Mats., Vol. 52, p. 380 
(1952). 
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Standard Method of Test for Color of 
Refined Petroleum Oil by Means of 
Saybolt Chromometer (D 156-49) be 
revised and reverted to tentative. This 
method has been extensively revised as 
appended hereto.® 


ADOPTION OF TENTATIVES AS STANDARD 


Committee D-2 has reviewed the 
following five tentatives which have 
stood at least one year without revision, 
and which represent best present-day 
practices, and recommends that they 
be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


Tentative Methods of Test for: 


D 1024-49 T. Butadiene Dimer in Polymeriza- 
tion-Grade Butadiene, 

D 1088-51 T. Boiling Point Range of Poly- 
merization Grade Butadiene. 

D 1089 - 50 T. Carbonyl Content of Butadiene, 
revised as follows: 

Section 3(b).—Change to read: 

Thermometer—For observing temper- 
atures below —45 C, the Low Cloud and Pour 
Thermometer, range —80 to 20 C (—112 to 
70 F), conforming to the requirements for 
thermometer No. 6 C (6 F), in the ASTM 
Specifications E 1 is satisfactory.” 

D 1094-50T. Water Tolerance of Aircraft 

Fuels, and 
D 1250-52 T. ASTM-IP Petroleum Measure- 

ment Tables. 


REVISION OF STANDARDS, _ 
IMMEDIATE ADOPTION 


Committee D-2 recommends for im- 
mediate adoption revisions of ten stand- 
ards as indicated below, and requests a 
nine-tenths affirmative vote at the 
Annual Meeting so that these revisions 
may be referred to Society letter ballot: 


D 86-52. Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petro- 
leum Products. Revise as follows: 
Section 3(c)—Change to read: 

“(c) A 100-ml sample shall be measured in 

the 100-ml graduated cylinder at 55 to 65 F 

(12.8 to 18.3 C) and transferred directly to the 


distillation flask which has been cooled at 55 
to 65 F (12.8 to 18.3 C) for gasolines higher than 
9.5 lb. Reid vapor pressure. The flask may be at 
room temperature for other products. None of 
the liquid shall be permitted to flow into the 
vapor tube.” 

Section 4(c)—Insert a reference to “Note 4’ 
after the second sentence, and include the 
following Note 4 at the end of this paragraph: 

“Note 4.—When distilling certain naphthas 
manufactured for specific purposes, such as for 
use in paints and varnishes, the temperature 
indicated by the distillation thermometer when 
the last drop evaporates from the lowest point 
in the flask shall be recorded as the dry point. 
Any liquid hanging to the side of the flask or 
the thermometer should be disregarded.” 

Section 4(e).—Revise to read: “(e) The 
total volume of the distillate collected in the 
receiving graduate shall be observed at the 
conclusion of the distillation, and thereafter at 
not less than 2-min intervals, until successive 
observations agree. This volume shall then be 
recorded as the recovery.” 

Section 4 (h).—Insert reference to a Note 5, 
and include the following Note 5 at the end of 
this paragraph: 

“Note 5.—Abnormal distillation losses, 
when caused by low barometric pressure, may 
be corrected by the equation given below to an 
approximation of the loss to be expected under 
normal pressure. The corrected losses shall not 
be used in the calculation of percentages evapo- 


rated. 
Corrected Loss = AL + B _ 
where: 


L = observed distillation loss, and 
A and B = empirical Constants, as given in 
Table II for various values of the 
observed barometric pressure.” 
Table II.—Include a new Table II, as 


follows: 


TABLE II.—VALUES OF THE CONSTANTS > AND 
IN OBTAINING CORRECTE 
ISTILLATION LOSS. 


aro- aro- 
metric A B metric A B 
Pressure, Pressure, 
mm 
0.384 || 660...... 0.375 | 0.312 
0.380 || 670...... -400 | 0.300 
0.375 |] 680...... 0.428 | 0.286 
0.369 || 690...... 0.461 0.269 
0.363 |] 700...... 0.500 | 0.250 
0.357 710...... 0.545 | 0.227 
3 0.350 || 720...... 0.600 | 0.200 
0.342 || 730...... 0.667 | 0.166 
0.333 || 740...... 0.750 | 0.125 
es 0.353 | 0.323 || 750...... 0.857 | 0.071 
| 1.000 | 0.000 
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Section 4(i).—Change first sentence to read: 
“The sum of the volume collected in the cylinder 
at any specified temperature, including the 
initial boiling point, and the distillation loss may 
be recorded as the percentage evaporated at the 
temperature in question. Clear... recovered.” 

Section 6.—Change title of the section to 
read: “Correction of Temperature Points to 
Standard Atmospheric Pressure.” 


D 88-44. Viscosity by Means of the 
Saybolt Viscosimeter. 


Eliminate all reference to Bureau of Stand- 
ards’ master Saybolt oil tube by making the 
following revisions: 

Section 2(a).—Change the last sentence to 
read as follows: “The time of flow shall be 
within +1 per cent (Note 1) of the outflow time 
for American Petroleum Institute oil standards 
or National Bureau of Standards oil standards 
(Note 2).” 

Note 1.—Delete all but the first paragraph. 

Note 2.—Delete and renumber Note 3 as 2. 


D 158 -— 52.5 Distillation of Gas Oil and 
Similar Distillate Fuel Oils. ‘Revise 
as follows: 


Section 2(a)—Change line 4 in the table of 
dimensions, length of vapor tube, to read: 


| Permissible 
| Variations 
cm in. 
cm | in. 
Length of vapor 
10.0 3.94 0.3 | 40.12 


D 216-525 Distillation of Natural 
Gasoline, revise as follows: 


Section 5(d)—Change to read: 

“(d) The total volume of the distillate 
collected in the receiving graduate shall be 
observed at the conclusion of the distillation, 
and thereafter at not less than 2-min intervals, 
until successive observations agree. This volume 
shall then be recorded as the recovery.” 

Section 5(g)—Change first sentence to read: 
“The sum of the volume collected in the cylinder 
at any specified temperature, including the 
initial boiling point, and the distillation loss 
shall be recorded as the percentage evaporated 
at the temperature in question. Clear... 
recovered.” 

Section 5(f)—Insert reference to a “Note 
2,” and include the following Note 2 at the end 
of this paragraph: 

“Note 2.—Abnormal distillation losses, when 
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caused by low barometric pressure, may be 

corrected by the equation given below to an 

approximation of the loss to be expected under 
normal pressure. The corrected losses shall not 
be used in the calculation of percentages evapo- 
rated.” 

Corrected Loss = AL + B 

where: 

L = observed distillation loss, 

A and B = empirical constants, as given in 
Table I, for various values of the 
observed barometric pressure. 

Table I.—Include a new Table I, the text of 
which will be the same as the proposed new 

Table II in Method D 86 given earlier in this 

report. 

Section 7.—Change title to read: “Cor- 
rection of Temperature Points to Standard 

Atmospheric Pressure.” 


D 288-52,5 Definition of Terms Re- 
lating to Petroleum, revise as follows: 


Add a new definition for Stoddard Solvent to 
read: 

“Stoddard Solvent—aA refined petroleum 
distillate with volatility, flash point, and other 
properties making it suitable for use as a dry 
cleaning solvent. 

“Note.—Specifications are set forth in 
detail in the Standard Specifications for Stoddard 
Solvent (ASTM Designation: D 484).” 


D 357-49, Knock Characteristics of 
Motor Fuels by the Motor Method. 
The bouncing pin is to be eliminated 
from the method, and shall not be 
used after January 1, 1954. Revise 
the Method as follows: 


Section 3.—In line 11 delete “a bouncing pin 
and knockmeter or by.” 

Section 4.—In line 7 delete ‘Either a bounc- 
ing pin* and knockmeter or.” 

Footnote 3.—Delete; renumber subsequent 
footnotes. 

Table I.—Delete; renumber Table IA as 
Table I. 

Section 6(n).—Delete “and bouncing pin.” 

Tables III and IV.—Delete “For Bouncing 
Pin or Detonation Meter” from the titles. 

Sections 6(p) and §.—Delete “IA.” 

Sections 9 and 10.—Delete; renumber sub- 
sequent sections. 

Fig. 2.—Delete; renumber Fig. 3 as Fig. 2. 

Section 12(a).—Delete lines 7 through 21; 
replace with: “If this match cannot be obtained 
under standard conditions, check the mechanical 


condition of the engine.” a 
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Section 12(b).—In sentence one delete the 
phrase: “provided no change has been made in 
the bouncing pin or detonation meter adjust- 
ment in the meantime.” In sentence two delete 
“TA.” 

A list of other revisions necessary in the 
ASTM Manual of Engine Test Methods for 
Rating Fuels to eliminate the bouncing pin 
therefrom is appended hereto.* 


D 446-39.5 Conversion of Kinematic 
to Saybolt Universal Viscosity. 


This standard has been revised as appended 
hereto® in order to bring the method in line 
with a new value for the viscosity of water 
(1.0038 cs at 20 C) to be adopted by the Na- 
tional Bureau of Standards on July 1, 1953. 
An extension of Table I is being prepared and 
will be available by June, 1953, in a separate 
ASTM publication.’ 


D 567-41.5 Calculating Viscosity In- 
dex. 


This revised standard as appended hereto*® 
also will bring this method in line with a new 
value for the viscosity of water (1.0038 cs 
at 20 C), to be adopted by NBS on July 1, 
1953. An extension of Table II is being pre- 
pared, and will be available by June, 1953, in 
a separate ASTM publication.’ 


D 666-44.5 Conversion of Kinematic 
Viscosity to Saybolt Furol Viscosity. 


This standard has also been revised as 
appended hereto® in order to bring this method 
in line with a new value for the viscosity of 
water (1.0038 cs at 20 C), to be adopted by NBS 
on July 1, 1953. An extension of Table I is 
being prepared, and will be available by June, 
1953, in a separate ASTM publication.’ 


D 908-51.5 Knock Characteristics of 
Motor Fuels by the Research Method. 


The bouncing pin is to be eliminated from 
the method, and shall not be used after January 
1, 1954. Revise the method as follows: 

Section 3.—In line 20 delete “bouncing pin 
and knockmeter or by a.” 

Section 4.—In line 15 delete “Either a 
bouncing pin? and knockmeter or.” 

Footnote 3.—Delete; renumber subsequent 
footnotes. 

Table V.—Delete; renumber Table VA as 
Table V. 


8 See p. 361. 
*See ASTM Viscosity Tables, July, 1953. 


Report oF COMMITTEE D-2 


Section 6(m).—In line 6 delete “and bounc- 
ing pin.” 

Section 6(0).—In line 9 delete “VA.” 

Section 8.—In line 6 delete “or VA.” 

Sections 9 and 10.—Delete; renumber sub- 
sequent sections. 

Section 12(a).—Delete lines 7 through “test 
fuels” on line 22. Replace with: “If this match 
cannot be obtained under standard conditions, 
check the mechanical condition of the engine.” 

Section 12(b).—In sentence one delete the 
phase: “provided no change has been made in 
the bouncing pin or detonation meter adjust- 
ment in the meantime.” In sentence two delete 
“or VA.” 

A list of other revisions necessary in the 
ASTM Manual of Engine Test Methods for 
Rating Fuels to eliminate the bouncing pin 
therefrom is appended hereto.® 


WITHDRAWAL OF STANDARD 


Committee D-2 recommends the with- 
drawal of the Standard Method of Test 
for Existent Gum in Gasoline (Air-Jet 
Evaporation Method) (D 381 - 50). The 
method is to be replaced by Method 
D 381-52 T, Test for Existent Gum in 
Fuels by Jet Evaporation. 


TENTATIVES CONTINUED 
WITHOUT REVISION 


Committee D-2 has reviewed the 
following 18 tentatives, which have 
stood for two or more years without 
revision, and, for good and sufficient 
reasons discussed within its subordinate 
groups, recommends that they be con- 
tinued as tentatives without revision: 


Tentative Specifications for: 
D 396 — 48 T. Fuel Oils. ' 
Tentative Methods of Test for: 7 


D 90-50 T. Sulfur in Petroleum Prod- 
ducts by the Lamp Gravimetric 
Method, 

D 155-45 T. Color of Lubricating Oil 
and Petrolatum by Means of ASTM 
Union Colorimeter, 

D 157 - 51 T. Steam Emulsion of Lubri- 
cating Oils, 

D 613 — 48 T. Ignition Quality of Diesel 
Fuels by the Cetane Method, 
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D 614-49 T. Knock Characteristics of 
Aviation Fuels by the Aviation 
Method, 

D 909-49 T. Knock Characteristics of 
Aviation Fuels by the Supercharge 
Method, 

D 936-51T. Aromatic Hydrocarbons 
in Olefin-Free Gasoline by Silica Gel 
Adsorption, 

D 937 — 49 T. Penetration of Petrolatum, 

D 972-51T. Evaporation Losses of 
Lubricating Greases and Oils, 

D 976-48T. Color of U.S. Military 
Gasoline, Automotive (Combat), by 
Means of an ASTM Color Standard, 

D 1015 — 49 T. Measurement of Freezing 
Points for Evaluation of Purity, 

D 1018-49 T. Hydrogen in Petroleum 
Fractions by the Lamp Method, 
D 1022-49T. Peroxides in Butadiene 

(Ferrous-Titanous Method), 

D 1091-50T. Phosphorus in -Lubri- 
cating Oils, Lubricating Oil Additives, 
and Their Concentrates, 

D 1095-50T. Analysis of 60 Octane 

Number Iso-Octane—Normal Hep- 

-tane ASTM Knock. Test Reference 
Fuel Blends by Infrared Spectro- 
photometry, 

D 1096-50T. 1,3 Butadiene in C, 
Hydrocarbon Mixtures by Ultraviolet 
Spectrophotometry, and 

D 1157-51 T. Total Inhibitor Content 

 (p-Tertiary-Butylcatechol) of Buta- 
diene. 

AMERICAN STANDARDS 
Committee D-2 recommends that the 
following actions be recommended to 

ASA Sectional Committee Z11 on Petro- 

leum Products and Lubricants: 


(1) Consideration of all ASTM Stand- 
ards which may be revised as a result 
of recommendations appearing in this — 
report for continuation as American — 
Standard in their revised form. a 

(2) Consideration of Methods D 892, 
D 1024, D 1088, D 1089, D 1094 and 
D 1250, for approval as American 
Standard. 

(3) Consideration of the proposed 
replacement for D 721-51T (Z11.52- 
1952), Oil Content of Petroleum Waxes, 
(see Appendix IX, 1952 Report of 
Committee D-2), for approval as Ameri- 
can Standard. 

(4) Consideration of Method D 381 - 
52 T, Existent Gum by Jet Evaporation, 
which replaces D 381 — 50 (Z11.36-1950), 
for approval as American Standard. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting." 


This report has been submitted to 
letter ballot of the committee, which 
consists of 117 voting members; 72 
members returned their ballots, of whom 
45 have voted affirmatively and 0 
negatively. 

Respectfully submitted on behalf of 
the committee, 

O. L. Maac, 

Chairman. 

W. T. Gunn, ; 
Secretary. 


11 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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EprrorrAL NOTE 


Subsequent to the Annual Meeting, Committee D-2 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 

Tentative Method of: 

Test for API Gravity of Petroleum and its Products by Hydrometer (D 287 - ) 


, and 
Test for Specific Gravity of Petroleum and its Products by Hydrometer (D es 
1298 - 53 T). al 
Revision of Tentative Specifications for: 
Gasoline (D 439 52 T). 


These recommendations were accepted by the Standards Committee on Septem- 
ber 9, 1953, and the new and revised tentative methods appear in the 1953 Sup- 
plement to ‘Book of ASTM Standards, Part 5. 
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PROPOSED CHANGES IN THE “ASTM MANUAL OF ENGINE TEST 
METHODS FOR RATING FUELS” (1952 EDITION) FOR THE 
ELIMINATION OF THE BOUNCING PIN 


The bouncing pin is to be eliminated 
from ASTM Method D 357-49, Test 
for Knock Characteristics of Motor Fuels 
by the Motor Method, and ASTM 
Method D 908-51, Test for Knock 
Characteristics of Motor Fuels by the 
Research Method, and shall not be 
used after January 1, 1954. 

Tn addition to the revisions in ASTM 
Methods D357 and D 908,' specific 
deletions and changes in the ASTM 
Manual of Engine Test Methods - for 
Rating Fuels are detailed below. In 
addition, there will have to be a revision 
in the numbering of all tables and illus- 
trations. 


Page vi, Instruments: 

Delete Section 117, “Bouncing Pin 
and Knockmeter.” 

Page vii, Motor and Research: 

In Section 310 delete “Bouncing 
Pin and.” 

Delete Section 311, “Adjustments 
for Non-Suspended Bouncing 
Pin.” 

Delete Section 312, ‘Adjustments 
for Shoulder Suspended Bouncing 
Pin.” 

Delete Section 313, “Bouncing Pin 
Operating Characteristics.” 

Page x, Instruments: 

In Section 468, change title from 
“Bouncing Pin” to “Combustion 
and Injection Indicators.” 

- Delete Section 470, “Bouncing Pin 

Thermal Element.” 


1See pp. 357 and 358. 
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Page xi, Instruments and Exhaust 
System: 
In Section 618 delete “Bouncing 

Pin.” 

Page xii, Methods: 

Delete Fig. 2, “Adjustable Bouncing 
Pin.” 

Page xiii: 

Delete Fig. 28, “Shoulder Suspended 
Bouncing Pin for Motor and Re- 
search Units.” 

Page xv: 

Delete Table I, “Micrometer Set- 
tings for Standard Knock In- 
tensity at a Barometric Pressure 
of 29.92 in. of Mercury—For 
Bouncing Pin (Motor Method, 
#5 in. Venturi).” 

Change Table IA to read Table I. 

In Table ITI delete ‘For Bouncing 
Pin or Detonation Meter.” 

In Table IV delete “—For Bouncing 
Pin or Detonation Meter.” 

Delete Table V, ‘‘Micrometer Set- 
tings for Standard Knock In- 
tensity at a Barometric Pressure 
of 29.92 in. of Mercury—For 
Bouncing Pin (Research Method, 
7s in. Venturi).” 

Change Table VA to read Table V. 

Page xvi, Maintenance: 
In Table XVII delete “Bouncing 

Page 79, Apparatus (Cetane): 
In Section 109(d), line 2, delete 

“bouncing pin or.” 

Page 86: 

Delete Section 117 in its entirety 
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} and also the title above it, 

“Bouncing Pin and Knockmeter.” 
Page 120: 

- In Section 221 delete “IA and II” 

and “VA and VI.” 

Page 126: 


In Line 1 delete “bouncing pin or.” 
In Section 302(d), Line 3, change 
“bouncing pin” to read “pick-up.” 

In Section 302(e), Line 2, change 
“bouncing pin” to read “pick-up.” 

In Section 302(f), Line 8, change 
“bouncing pin” to read “pick-up.” 

Page 138: 

In Fig. 27 delete “F—Knockmeter 
Fuse—Motor and Research Meth- 
ods.”’ 

Page 140: 

In Line 5 delete “Bouncing Pin and” 
in the Title and omit Sections 310 
and 310(a). 

Change Section 310(8) to read 310. 

Pages 140 to 144: 

Delete Sections 311, 312, and 313 

in their entirety and also Fig. 28. 
Page 148: 
In Section 316(b), Line 5, change 
the sentence to read: “With the 
7s in. venturi, Table I is used 
for the Detonation Meter. Tables 
III and IV for the $$ and # in. 
venturis, respectively, are used 
with the Detonation Meter.” 
Page 148: 

In Line 11 delete “Table I—Bounc- 

ing Pin—,;& in. Venturi.” 
Page 148: 
In Line 12 delete “Bouncing Pin or.” 
Page 148: 
In Line 14 delete “Bouncing Pin or.” 
Page 148: 

In Line 16 change “Table IA” to 

read Table I.” 
Page 148: 

In Line 18 change “Four” to read 

“Three.” 
Page 148: 
In Section 316(c), Line 1, delete 
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“for the bouncing pin or table 
VA.” 

In Section 316(e), Line 1, delete 
“the contact gap of the bouncing 
pin or.” 

In Line 6, delete “contact gap of 
the bouncing pin or.” Delete 
Section 316(f). 

Page 149: 

In Section 318(a), Line 3, delete 
“and bouncing pin.” 

In Section 318(5), Lines 9 through 
11, delete “With the bouncing pin 
the difficulty may be corrected by 
adjustment of this part. With 
both the bouncing pin and Deto- 
nation Meter.” 

Page 150: 

In Section 319(c), Line 3, delete 

A” and “vA” 
Page 238: 

In Section 435(a), Line 4, delete 

“bouncing pin.” 
Page 273, Insiruments: 

Change title “Bouncing Pin” to 
read “Combustion and Injection 
Indicators” and delete the first 
three lines of Section 468 starting 
with “Motor and Research.” 

Page 274: 

In Section 468(b), Line 5, change 
“bouncing pin” to read “‘instru- 
ment.” 

Delete from the title of Table XVII 
“Bouncing Pin” and “Motor, Re- 
search, and.” 

In Section 468(d), Line 2, delete 
“bouncing.” 

Page 275: 

In Section 469, Line 1, delete “is 
used with both the bouncing pin 
and the detonation meter and.” 

Delete Section 470 in its entirety and 
its title “Bouncing Pin Thermal 
Element.” 

Page 278: 
In Table XVIII, and Lines 4, 10 
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and 13, change “Bouncing pin” 
to “Instrument hole.” - 
In Line 15 change “Bouncing pin” 
“Instrument.” 

Page 302: 

Replace Fig. 85, “End View of 
Motor Unit” with a similar figure 
in which the drawing of the 
Bouncing Pin and its references 
“B-Knockmeter Thermal Ele- 

. ment,” “F-Bouncing Pin Termi- 

nals,” and “K-Bouncing Pin” 
have been replaced by a reference 
to, and picture of, the Detonation 
Pick-up. 

Page 308: 

Change wiring diagram to eliminate 
equipment for, and reference to, 
the “Bouncing Pin,” the “Knock- 
meter Thermal Element,” “Fuse,” 
and “Voltage Divider.” 

Page 322 and 323: 


_ In Section 618 delete “Bouncing 


Pin” from the title. 
Change Paragraph (a) to read: 

618 (a). Motor, Research, Aviation, and Cetane. 

—Remove the wooden plug from the knock in- 


strumentation hole in the cylinder. For Motor 
and Research units, insert the D-1 pick-up using 
the gasket supplied (tighten the D-1 pick-up 
with a torque of approximately 30 lb-ft using a 
new gasket each time it is installed). Install the 
detonation meter in accordance with instructions 
furnished by the supplier. For the Aviation unit, 
insert the thermal plug, H, Fig. 5 (p. 40), and 
for the Cetane, the combustion indicator, F, 
Fig. 10 (p. 64). 


Delete Paragraph (6). 


Page 333: 
Delete from the Index “Bouncing 
Pin” and all sub-headings under 
“Bouncing Pin.” 
Page 334: 
In Combustion Indicator, Line 3, 
delete “Motor, Research.” 


Page 338: 
Under “Knock measuring instru- 
mentation” delete “Bouncing 

Pia,” 


Delete “Knockmeter drift, preven- 
tion of, Motor, Research, 144.” 
Under “Micrometer settings, baro- 

metric pressure corrections” de- 
lete “for bouncing pin, Motor, 10.” 


- 
qd. 
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Scope 


1. This method of test is intended to 


_ evaluate the functional life of ball bearing 


greases when tested under prescribed 
laboratory conditions. It is not the 
equivalent of long-time service tests, and 
is limited to greases for operating tem- 
peratures up to 125 C (257 F). 


Apparatus 


2. The apparatus required for this 
test is illustrated in Fig. 1, and is de- 
scribed in detail in the Appendix. New 
ball bearings of the type specified are re- 
quired for each test. 


Grease Sample 


3. Take the sample of grease for test 
with a minimum of disturbance. Do not 
reincorporate any free oil that may have 
separated or include this oil, when taking 
the sample. 


Test Bearings 


4. (a) The test bearings shall be No. 
30BC03 ball bearings of 52100 steel, 
having pressed-steel retainers. The in- 
ternal radial clearance shall be 0.0002 to 
0.0006 in., and the bearings shall be heat- 
stabilized for operation up to 160 C. 


1 This ~ ite cement method is under the jurisdiction of 
AS ‘STM Comm Committee D-2 on Petroleum Products and 


Published as information, June, 1953. 


‘PROPOSED METHOD OF TEST FOR FUNCTIONAL LIFE OF 
BALL BEARING GREASES!:? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race Street, Philadelphia 3, Pa. 


5. Clean the bearings immediately be- 
fore using the test machine; they should 
not be stored after cleaning. Wash the 
bearings thoroughly in ASTM Precipi- 
tation Naphtha (ASTM Method D 91, 
Test for Precipitation Number of Lubri- 
cating Oils),* turning the outer race to 
remove all traces of slushing compound 
or oil from races, balls, and separator 
pockets. Repeat washing, using alcohol 
Formula 30 or equivalent, and dry by 
placing in a warm, dust-free oven for 
several hours. Avoid spinning the bear- 
ings when dry. The test housing and end 
caps should also be washed and dried in 
preparation for the test. 


Preparation of Bearings 


Procedure for Performance Life, Includ- 
ing Leakage Evaluation 


6. This procedure simulates the type 
of grease-packing commonly encountered 
in the field, wherein the grease is pumped 
into the bearing housing with a grease 

n. 

(a) Fill both bearings completely, 
using a clean spatula to force the grease 
between walls, separator, and races. 
Strike off surfaces of the grease level with 
faces of the inner and outer races. 

(b) Mount bearings on the shaft with 
the heater assembly in place, without 


#1952 Book of ASTM Standards, Part 5. 


rotating the bearings. Assemble the lock 
washers, and turn up lock nuts with the 
fingers. Slide the shaft assembly carefully 
into the housing, lining up the slot in the 
heater assembly with the set screw on 
the housing. Tighten lock nuts with 
spanner wrenches as tightly as possible 
by hand. Bend over one tang of each 
washer into a slot in the lock nut. 


Nore 1.—In all of these operations, extreme 
care must be taken that dirt or metal particles 
or slivers do not get into the grease or housing. 


(c) Fill each end cap with grease, 
striking off the surface of the grease 


Fic. 1.—Grease Tester with Electric Motor. 


between the edge of the inner bore and 
outer rim. 

(d) Place the thrust washer against 
the face of the bearing opposite the pulley 
end, and assemble the end caps onthat 
end. Then assemble the end cap on the 
pulley end, drawing up screws evenly to 
move the bearing assembly smoothly 
against action of the thrust spring. 

(e) Complete the assembly of the ap- 
paratus. The control thermostat should 
be in the well nearest the drive motor, 
with the limit thermostat in the other 
wel]. The spring-loaded thermocouples 
should be placed in position against the 
outer bearing rings. 

_ (f) Start the driving motor, recording 
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time of start, and adjust the heater 
transformer to bring the temperature up : 
to control level in approximately 2 hr. 
Then readjust the heater so that the 
temperature control relay switches from 
high heat to low heat about 50 per cent — 
of the time. This setting of the heater 
transformer shall be maintained through- 
out the run. 

(g) At the end of 20 hr running, shut | 
off both the motor and the heater. — 7 
Measure grease leakage around the shaft 7 
hole, and note any leakage from the hole 
in the bottom of the housing. After 4 hr, 
again turn on the motor and heater 
simultaneously. Repeat this cycle of 20 
hr on, 4 hr off, until a bearing failure 
occurs. The cycling may be done 
manually or by automatic control, as 
shown in the circuit diagram in Fig. 3 of © 
the Appendix. 


Procedure for Performance Life Alone 


7. (a) In this procedure, one third of 7 
the free space in each bearing is filled 
with grease, while none is placed in the 
housing. This type of grease packing is 
typical of many applications, including : 
factory-packed bearings. 

(b) Pack each of the two bearings with © 
6.0 + 0.1 g of grease. Work the grease 7 
uniformly into both sides of each of the 
bearings with a narrow blade spatula, 
frequently turning the outer bearing ring» 
with respect to the inner ring. 

(c) Complete the test as prescribed in > 
Section 6(5) to (g) for assembly of i 
unit and method of operation. 


Results 


8. (a) In either of the two procedures 
(Sections 6 and 7), the earliest positive 
evidence of bearing distress shall deter- Fy 
mine the time of failure. This may occur 
in one of the following ways: 

(1) Stalling of the motor during 
operation, 

(2) Stalling of the motor when at- 
tempting to start after shutdown, 


he 


(3) By a temperature rise of 10C 
above the control temperature, or 

(4) By a distinct increase in the 
noise level which persists for 10 min, 
either intermittently or continuously. 

Failure by the means indicated in 
items (3) or (4), shall be based on a 
repetition of the occurrence a second time 
from a cold start. Smoking of the heater 
shall not be considered a failure, nor cause 
to shut down the unit. 

(6) After termination of the test, dis- 
assemble the unit, making sure that the 
spring-loaded thermocouples and heater- 
assembly set screw are removed before 
attempting to slide out the shaft as- 
sembly. Then make a careful inspection 
of the unit, noting the grease leakage, the 
amount of grease left in the housing (in 
the case of the leakage-evaluation pro- 
cedure given in Section 6), and the con- 
dition of the test bearing. 


Report 

9. Report the results of the inspection, 
together with the test conditions, on the 
report form shown in Table I. 
Precision 

10. The nature of this method is such 
that wide variations in running time 
between individual tests are typical. 
A statistical analysis indicates that a 
minimum of three tests should be run. 
Reproducibility of the method approxi- 
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TABLE L—SUGGESTED REPORT FORM FOR 
FUNCTIONAL BALL BEARING GREASE TEST. 
Test Conditions: 

Grease: 
Date: Start Finish 


Total Running Time: 
Amount of Grease and Packing Method: —__ 


Temperature of Test Bearing: ______F. 
Cycle: Hours on Hours off 
Total Cycles per Week: 

Radial Loading: Motor. a 
Heater Transformer Setting: Volts 
Noise (Type and Time of Occurrence): 


Type of Failure: 


Stalled While Running.......... 
Stalled on Starting.............. 
Excessive Temperature Rise... . . 
Excessive Noise. ............... 
Other: 


Inspection of Test Bearing After Test: 


Rotates Freely 
Slightly Rough 
Roug 


Leakage of Grease: 


Leakage around Shaft Hole 
(Pulley End)........... 
Leakage under Housing... . 
Amount of Grease Left in 
End Bell (Pulley End)... 


mates +35 per cent of the mean func- —. Evaluation 
tional life. 
APPENDIX 
APPARATUS‘ 


Grease Tester: 


Al. (a) The grease tester shall be a small, 
belt-driven, motor-like unit with two bearings, 
one for test, and one for a guide. The construc- 


* Detailed drawings of this apparatus are available at 
a nominal cost from the American ty for Testing 
Materials, 1916 Race St., Philadelphia 3, Pa. 


tion is shown in Fig. 2. The main housing shall 
be precision-bored to insure correct bearing 
alignment. The two end caps serve as grease 
retainers for the bearing, simulating the arrange- 
ment in an electric motor. 

(b) A hole, $ to 2? in. in diameter, shall be pro- 
vided at the bottom of the housing to permit 
excess grease and oil to drain without interfer- 
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ing with the electric heater. A pan, 3 in. wide 
by 9 in. long by 4 in. deep, to collect this drain- 
age, shall be placed in the groove of the base 
supporting the tester. 

(c) The shaft has two shoulders to insure 
proper positioning of the bearings. The test end 
of the shaft shall be keyed for the driving pulley, 
while the guide end is reduced in diameter and 
threaded for a small cooling fan. The cooling 
fan keeps the guide bearing about 5 C cooler 
than the test bearing. 

Norte 2.—The guide bearing failed in a num- 
ber of the tests conducted, and consideration is 
being given to its inclusion as an additional test 


bearing. 
— Heater -I5ft.24 Gage Nichrome 
Wire- 500 Watts. -22 Turns 
2 Bladed 
Fan Wavy Type 


Loading Washer 


A3. The unit shall be driven at approxi- 


A flat- or Vee-belt drive is satisfactory, the latter 
being more quiet. The motor shall be mounted 
on a hinged base, and adjusted so that its weight 
applies a radial load of 25 + 5 lb on the test 
bearing. 


Control: 


A4. (a) A method of temperature control 


Connection Leads For Heater 
With Jack Plugs 


Housing 


Control 
Thermostat 


haft Pulle 
Pulley 


End Cap 


f 


Wrench Flat 


(d) Spanner nuts, with keyed multilug lock 
washers, keep the inner race of the bearing tight 
on the shaft. A thrust load of 40 + 5 lb may be 
obtained by use of a Z-spring. This is necessary 
to make the balls rotate in the desired manner. 


Electric Heater: 


A2. An electrical heater shall be wound on an 
insulated open spool surrounding the center cf 
the shaft. The heat is conducted both to the 
housing and to the shaft in much the same man- 
ner as heat flows in an electric motor. The 
heater shall have a rating of 500 w at 110 v, 
and be made of 15 ft of No. 24 Nichrome V 


wire, or its equivalent. A set-screw in the hous-. 


ing fits into a longitudinal slot in the heater 
frame to keep it from turning. 


Thermocouple Connection 
Fic. 2.—Assembly of Grease Tester. 


UW 


shall be obtained by incorporating a 20-ohm 
resistor in series with the electric heater in the 
test unit, as shown in the circuit diagram in 
Fig. 3. This resistor is switched in and out of 
the circuit by the 125 C control thermostat 
(sealed-in-glass mercury type), located on the 
loaded side of the test bearing. This provides 
periods of low and high heat to keep the a 


mately 3500 rpm by a 3-hp, 1725-rpm electric 
motor. A suitable pulley and belt are required. 

7 
operating at 125 C. When lubrication becomes — 
so inadequate that the frictional heat plus the 
low electrical heat raises the bearing tempera- — 
ture to cause contact in the 135 C thermostat, 
the power to the unit is shut off and the -— 
stops. In this way the 135 C thermostat, located - 
on the unloaded side of the bearing, acts as a 


limit switch to prevent damage to the unit - 
when bearings are in distress. Zinc fuses are also 
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provided for protection in case of a stall, over- 
load, or short-circuit. 

(b) At the start of the test, line switch S; 
and motor switch Se, Fig. 3, areclosed. Thestart 
button is used to energize contactor Ki and 
close contact K;. The variable transformer is 
adjusted to that voltage which causes the relay 
K, to be on about 50 per cent of the time after 
the unit has been operating 2 hr. Two pilot 
lights are shown in the circuit that indicate the 
operation of K, relay, and are obviously of great 
help in setting the transformer. When 125 C is 
reached, the mercury thermostat closes, ener- 
gizing relay Ks, opening normally closed con- 
tact K3, dropping out contactor Ky, and open- 
ing contact K,. This puts the 20-ohm resistor in 
series with the 500 w heater in the test unit 
thus lowering the heat input. 


Time Meter: 


AS. A time meter in parallel with the drive 
motor shall be used to register the hours of 
operation. 

Norte 3.—An electronic relay used as indi- 
cated in the circuit diagram (Fig. 3) serves to 
reduce the current carried by the mercury ther- 
mostats and, in this way, minimizes oxidation 
of mercury within the thermostat, prolonging 
thermostat life. 
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TIME 


AK STOP No 
ORIVE MOTOR 
So” 
METER 


AT 135°C.) 


| JOONTROL THERMOSTAT 
'T (CLOSES AT 125°C.) 
‘Gontocts} 

ELECTRONIC 


RELAY 


VARIABLE TRANSFORMER — 7) 


S,,S2 SWITCHES 
Ki ,Kq — 30A. POWER 


RELAYS 
2A. RELAY 


a 
AR - 966 
FUSES 
Ki 
TART 
24 HOUR | 
a 
LOT 
( Fig. 3—Circuit Diagram of Gre: er. 
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Scope 

1. This method* describes a procedure 
for determination of the chlorine content 
of lubricating oils and greases with which 
chlorinated additives have been blended. 
It is equally applicable to new or. used 
oils and greases and to the additive 
concentrate. The procedure assumes that 
bromine and iodine will not be present. 


Note 1.—A method based on bomb com- 
bustion for analysis of the same type of material 
is described in ASTM Method D 808,‘ Test 
for Chlorine in Lubricating Oils and Greases by 
the Bomb Method. 


Outline of Method 

2. The sample, dissolved in a low 
boiling hydrocarbon mixture, is boiled 
under reflux with metallic sodium and 
n-butyl alcohol. Under these conditions 
the chlorine is converted to sodium 
chloride which is then extracted with 
water. The chloride in the extract is 
determined volumetrically by titration 
with silver in the presence of thio- 
cyanate. 


Apparatus 


3. Reaction Vessel consisting of a 300- 
ml round-bottom flask with standard- 


1 This proposed method is under the jurisdiction of the 
ASTM Committee D-2 on Petroleum Products and Lu- 
bricants. 

2 Published as information, June, 1953 


3 This method is pa? equivalent to the Institute 


of Petroleum Method No. 1 


‘ 1952 Book of of ASTM AL Part 5. 


APPENDIX II 


PROPOSED METHOD OF TEST FOR CHLORINE 
IN LUBRICATING OIL’? 


SODIUM ALCOHOLATE VOLUMETRIC METHOD 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


taper joint and surmounted with a 
water-cooled condenser. 


Reagents 


4. Unless otherwise indicated, it is 
intended that all reagents shall conform — 
to the specifications established by the _ 
Committee on Analytical Reagents of 
the American Chemical Society, where — 
such specifications are available. 

(a) Ferric Alum Indicator Solution — 
Dissolve 350 g of Fe2(SOx4)3- (NH4)2- 
SO,-24H,0 in 1 liter of distilled water 
and add 200 ml of aerated HNO; (30 | 
per cent). 


(b) n-Butyl Alcohol. Cc 

(c) Naphtha, paraffinic, distilling be- 
tween 210 and 250 F. 

(d) Nitric Acid (approximately 30 per 
cent by weight)—To prepare approxi- 
mately 1 liter of solution, mix 345 ml of 
HNO; (sp gr 1.42) with 690 ml of dis- | 
tilled water. Aerate to remove oxides of | 
nitrogen. 

(e)  Nitrobenzene (technical)—The 
nitrobenzene used must not show a 
visible precipitate when tested with : 
alcoholic AgNO; solution. 

(f) Phenolphthalein Indicator Solution, — 
1 per cent in 60 per cent isopropyl 
alcohol. 

(g) Standard Silver Nitrate Solution 
(0.1 N).—Dissolve 17.0 g of AgNO; in 
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’ distilled water and dilute to 1 liter. To 


standardize this solution, weigh 0.20 
to 0.25 g (weighed to 0.1 mg) of NaCi 
(previously dried to constant weight at 
120 C). Transfer to a 500-ml Erlen- 
meyer flask, and dissolve in 100 ml of 
distilled water. Titrate with the AgNO; 
solution, following the procedure de- 
scribed in Section 5(f) and (g). Calculate 
the normality of the AgNO; solution as 
follows: 


Normality of AgNO, solution 
mg of NaCl 
ml of AgNO; X 58.45 


(h) Sodium Metal. 

(i) Standard Thiocyanate Solution 
(0.05 N).—Dissolve 3.80 g of NHsCNS 
or 4.85 g of KCNS crystals in distilled 
water and dilute to 1 1. To standardize 
this solution, measure 40 ml into a flask 
containing 5 ml of HNO; (30 per cent) 
and 50 to 60 ml of water. Swirling the 
flask constantly, add 22 to 24 ml of 
0.1 N AgNO; solution from a buret; then 
stopper and shake for 20 to 30 sec. Add 
2 to 3 ml of ferric alum indicator solution 
and back-titrate with the thiocyanate 
solution to the red Fe(CNS); end 
point. Calculate the normality of the 
thiocyanate solution as follows: 


Normality of thiocyanate solution 
: ml of AgNO; X N of AgNO; 


ml of thiocyanate 


Procedure 

5. (a) Shake the sample, if liquid, to 
ensure homogeneity. Weigh a portion, 
estimated to contain 0.05 to 0.1 g of 
chlorine, into the 300 ml flask. Add 25 
ml of naphtha and swirl until the sample 
is dissolved. 


Reaction and Extraction 


(6) To the solution of the sample, add 
5 ml of n-butyl alcohol and 1.5 + 0.1 
g of freshly cut sodium. Connect the 
flask to the condenser and boil the 
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liquid vigorously under reflux for 1 hr. 
Introduce an additional 20 ml of n-butyl 
alcohol through the top of the condenser 
and continue refluxing until no metallic 
sodium remains. 

(c) Add 25 ml of distilled water to the 
flask through the condenser, cool to 
room temperature, and transfer the 
mixture to a 500-ml separatory funnel. 
Wash the flask with 50 ml of HNO; 
(30 per cent) and then with 50 ml of the 
naptha, adding these washings to the 
separatory funnel. Adjust the acidity of 
the aqueous layer until just acid to 
phenolphthalein, and then add 5 ml 
more HNO; (30 per cent). 

(d) Shake the funnel and contents, and, 
after settling, draw the aqueous layer 
into a clean 500-ml glass-stoppered 
Erlenmeyer flask. Wash the original 
300-ml reaction flask with 25 ml of 
distilled water, transfer to the separa- 
tory funnel, and wash the naphtha 
layer; transfer this washing to the 
500-ml flask. Repeat with a second 
25-ml portion of water. 


Chloride Determination 


(e) Boil the combined acidic aqueous 
extracts and washings until free of 
H,S, as detected by dipping a piece of 
lead acetate test paper into the solution 
(no black discoloration). Filter through 
a qualitative filter paper and collect in 
a second 500-ml glass-stoppered Erlen- 
meyer flask. Cool the solution to room 
temperature. 

(f) After the solution has reached 
room temperature, add 10 ml of nitro- 
benzene (Caution, Note 2; Note 3), 3 
ml of ferric alum indicator and, from a 
buret, 0.4 to 0.6 ml of 0.05 N thiocyanate 
solution. Swirling constantly, titrate with 
0.1 N AgNO; solution until the red 
color of the Fe(CNS); is discharged; 
then add 2 to 5 ml in excess. 


Note 2: Caution.—Care should be exercised 
to avoid breathing fumes of nitrobenzene, which 
are toxic. 
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Nore 3.—Nitrobenzene not only is efficient 
as a coagulant for the AgCl but removes it from 
the aqueous phase. Alternatively, isoamyl al- 
cohol may be used to coagulate the precipitate, 
or the AgCl may be removed by filtration after 
adding a slight excess of AgNO; and washing 
with dilute acid. 


(g) Stopper the flask tightly and shake 
vigorously for 15 sec to coagulate and 
remove the precipitate from the aqueous 
phase (Caution, Note 4). Without re- 
filling the buret, titrate slowly with 0.05 
N thiocyanate solution until the end 
point is approached, as indicated by a 
more slowly fading red color. Stopper the 
flask, shake vigorously for 20 to 30 sec, 
and continue the titration until one drop 
produces a distinct reddish coloration 
that does not fade upon swirling or 
vigorous shaking. 


Norte 4: Caution.—Care should be exercised 
in opening the flask after shaking. Pressure may 
develop, causing small amounts of the acid 
solution to be sprayed from the mouth of the 
flask as the stopper is removed. 


Blank Determinations 


(hk) Simultaneously with each set of 
sample determinations, make duplicate 
blank determinations, following exactly 
the procedure used for the sample 
determinations (except for omission of 
the sample). Always use identical rea- 
gents for the blank determination and 
for the sample determination. If the ti- 
tration exceeds 0.05 ml, discard the re- 
sponsible reagent. 


Calculation 


6. Calculate the total chlorine content 
of the sample as follows: 


Chlorine, per cent by weight 
(VN — 0m) X 354600 
= iw 

where: 
V = milliliters of AgNO; solution used, — 
N = normality of the AgNO* latin, 
v = milliliters of thiocyanate solution 

used, 
n = normality of the thiocyanate solu- 

tion, and 


W = grams of original sample used. 


Precision 


7. The following criteria should be 
used for judging the acceptability of 
results (95 per cent probability): 

(a) Repeatibility—Duplicate results 
by the same operator should not differ 
by more than the following amounts: 


Chlorine Content, 


per cent Repeatability 
3 per cent of amount 
present 


(b) Reproducibility——The results sub-— 
mitted by each of two laboratories 
should not be considered suspect unless 
they differ by more than the following 
amount: 


Chlorine Content, 
per cent 


Reproducibility 
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PROPOSED METHOD OF TEST FOR SODIUM IN RESIDUAL — 
FUEL OIL BY FLAME PHOTOMETER? ? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. This method is intended for the 
determination of sodium in residual fuel 
oil by means of a flame photometer. 


Outline of Method 


2. A weighed sample is reduced to a 
carbonaceous ash under controlled con- 
ditions. The residual carbon is removed 
by heating in a muffle furnace at 550 C. 
The ash is dissolved and diluted to 
volume according to the respective flame 
photometric methods for sodium em- 
ploying either the Beckman flame photo- 
meter or the Perkin-Elmer flame photo- 
meter. 


Purity of Reagents and Water 

3. Unless otherwise indicated, it is 
intended that all reagents conform to the 
specifications established by the Com- 
mittee on Analytical Reagents of the 
American Chemical Society, where such 
specifications are available. References 
to water shall be understood to mean 
distilled water. 


A. BECKMAN 
FLAME PHOTOMETER 
Apparatus 


4. (a) Beckman 
Model 10300. 


Flame Photometer, 


1 This proposed method is under the jurisdiction of the 
= < Committee D-2 on Petroleum Products and Lu- 
ricants. 
2 Published as information, June, 1953. 


(6) Platinum Dish, 100-ml capacity, 
approximately 3.5 cm in depth. 

(c) Electric Muffle Furnace, capable of 
operating over a variable range of 
200 to 600 C and of maintaining a 
temperature of 550 + 50 C. 


Reagents 


5. (a) Standard Sodium Solution (1000 
mg Na per 1).—Dissolve 2.5418 g of 
dried NaCl in water and dilute to 1 
liter. 

(b) Hydrochloric Acid (sp gr 1.19). 

(c) Hydrofluoric Acid (48 per cent). 


Preparation and Standardization of 
Apparatus 


6. (a) Dilute the 1000 mg per 1 
standard sodium solution so as to obtain 
solutions containing, 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 12, 15, 18, and 20 mg per lI. 


Norte 1.—The use of the standard addition 
technique, to be described, requires that a 
linear relationship exist between concentration 
and intensity of emission. It has been shown 
that for sodium, a linear relationship exists 
only in the low concentration range. The solu- 
tions described in Paragraph (a) are used to 
determine this characteristic for each instru- 


- ment. In cases where a linear relationship does 


not exist for the particular instrument (for 
example, where hydrogen or acetylene is burned), 
it is advisable to use a calibration curve, and 
to check it frequently. 


(b) Prepare the flame photometer for 
use as described in the enaeenla 
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instruction manual. Using the blue 
sensitive phototube, light the burner 
and adjust the gas and oxygen so that a 
blue flame is obtained. Set the selector 
switch at the 0.1 position and the wave- 
length dial to correspond to the center of 
the sodium peak at or near 589.6 my, 
judging by the response of the instru- 
ment. Adjust the sensitivity knob of the 
spectrophotometer so that it will be in 
the middle of its range (five turns from 
either the clockwise or counterclockwise 
positions). Vaporize the 4 mg per | 
standard sodium solution, at the same 
time adjusting the slit width so that the 
scale reading (upper or transmission 
scale) will be approximately 38. Vary the 
gas rate until a maximum scale reading is 
obtained. Then without changing the 
gas rate, adjust the oxygen pressure to 
obtain the highest scale reading possible. 
Finally readjust the sensitivity setting 
until the 4 mg per | solution gives a scale 
reading of 38.5. Typical settings em- 
ployed with one instrument are as 
follows: 


xcs 6.25 cu ft per hr 

40 in. of water 

0.15 mm 

Sensitivity setting...... 4.5 turns from the 
counter-clockwise 
limit 

Vaporizing air.......... 20 psi 


(c) Vaporize each of the standard 
solutions, checking the 4 mg per 1 
standard before each reading to de- 
termine whether the in trument is func- 
tioning properly. A slight adjustment of 
the dark current and sensitivity controls 
is all that should be required. 

(dq) Prepare a working curve by 
plotting the milligrams of sodium per 
liter against the scale reading. Use this 
curve to determine the upper concentra- 
tion limit of the linear relationship be- 
tween concentration and scale reading. 


Sample Preparation 


7. (a) In sampling the bulk material 
or plant stream for which the ash deter- surface of the sample bottle, and weigh 
ven 
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mination is desired, use a clear glass 
bottle"and collect a sample of the ap- 
proximate size specified in Table I. 


‘If duplicate or triplicate determinations 


are desired, bottle a separate sample for 
each determination. 


Nore 2.—It is often very difficult to render 
the contents of a bottle of sample homogeneous. 
Also, in some cases apparent ash content is re- 
duced as a result of particles adhering tightly to 
the walls of the container. The adsorption of 
inorganic ions by glass often is a serious factor 
when metals are to be determined in the ash. 
For these reasons, the whole sample must be 
used for the determination, and the bottle rinsed 
as described in Paragraph (f) if accurate results 
are to be obtained. 


TABLE I.—SAMPLE SIZE. 


Required 
Ash Content, Sample Weighing 
per cent by weight Size, g Accuracy, 
Under 0.001......... 500 to 1500 1 
0.001 to 0.01........ of 300 1 
100 0.5 
25 0.1 


Results of somewhat doubtful accuracy may 
be obtained for samples not bottled in ac- 
cordance with Paragraph (a) by using the follow- 
ing procedure: By shaking or stirring the sample, 
make it as homogeneous as possible. If necessary, 
heat to reduce the viscosity. Pour the approx- 
imate amount indicated in Table I into a clean, 
clear glass bottle of appropriate size. Proceed 
in accordance with Paragraph (c). 


(b) Heat a clean 100-ml platinum dish 
(Note 3) at 600 C for 10 min or more. 
Cool to room temperature in a desiccator 
containing anhydrous calcium sulfate 
(Drierite), and weigh to 0.1 mg. Repeat 
the ignition and weighing until successive 


results do not differ by more than 0.2 mg. __ 


Note 3.—The platinum dish must be handled 
only with platinum tipped tongs. It must never 
be touched with the fingers during the de- 
termination. Before weighings are made, the 
bottom of the dish should be carefully dusted 
with a clean camel-hair brush. 


(c) Carefully clean and dry the outside 
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the bottle and contents to within the 
accuracy specified in the third column 
of Table I. Transfer approximately 65 
ml of sample to the weighed platinum 
dish. Support the dish on a silica tri- 
angle, and heat with a Bunsen burner 
until the contents ignite and burn 
readily (Note 4). Continue heating with 
the burner in such a manner that the 
sample burns at a uniform and moderate 
rate and only ash and carbon remain 
after burning ceases (Note 5). When the 
flame has gone out, fill the dish ap- 
proximately two-thirds full with ad- 
ditional sample, and repeat the burning 
procedure as above. Continue adding 
and burning the sample until the entire 
contents of the bottle have been con- 
sumed. In transferring the last of the 
sample, rinse out the last traces from the 
bottle with three 20-ml portions of 
xylene, and add the xylene washings to 
the dish. CAUTION.—Since xylene is 
highly flamable, allow the platinum dish 
to cool before adding the washings. Dis- 
lodge any particles adhering to the walls 
of the bottle either by vigorous shaking 
with the xylene, or if necessary by using 
a plastic-tipped policing rod. 


Nore 4.—If the sample contains an ap- 
preciable amount of water, as indicated by 
spattering when heated, it is advisable to add 
a few milliliters of absolute alcohol before heat- 


Note 5.—Special precautions should be taken 


to guard against undue exposure and possible 
contaminations from the hood in which the 
burning is done. 


(d) Place the dish in a muffle furnace 
at 200 C (Note 6). Slowly raise the 
temperature to 550 + 50 C. Leave the 
muffle door slightly ajar until little 
carbon remains in the dish; then close 
the door and continue the ignition until 
no carbon is visible. Cool the dish to 
room temperature in a desiccator con- 
taining anhydrous calcium sulfate (Drier- 
ite), and weigh to 0.1 mg (Note 3). 
Continue the ignition for additional 20- 
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min intervals until successive weighings 
agree to within 0.3 mg. 


Note 6.—The platinum dishes should be 
placed on silica plates or silica triangles on the 
floor of the muffle furnace. Particular care must 
be exercised to avoid contamination of the 
sample with particles from the roof, walls, and 
door of the furnace. During the initial ignition, 
the opening of the muffle door must be carefully 
adjusted so that the air flow into the muffle is 
not excessive. Too great an air flow causes high 
temperatures in the burning carbon and also 
possible loss of ash from the dish. 


(e) Add about 1 ml of HF to the 
platinum dish and evaporate to dryness 
to remove silica (Note 7). 


Norte 7.—Unless the silica is removed, low 
values will result from the occlusion of sodium 
in the insoluble residue. 


(f) Rinse the sample bottle with three 
10-ml portions of HCI (1:9) and transfer 
these successive rinses quantitatively to 
the ashed sample in the platinum dish. 
Carefully drain and dry the empty 
sample bottle. Reweigh it with the 
accuracy prescribed by Table I. Sub- 
tract the weight of the empty sample 
bottle from that of the full sample 
bottle to obtain the sample weight. 

(g) Heat the platinum dish on a steam 
bath, to effect solution of the sodium 
salts, until 1 ml of liquid remains. Re- 
move from the steam bath, add 5 to 10 
ml of water, and filter, using an acid- 
washed filter paper, into a 100-ml 
volumetric flask. Wash the dish and 
filter paper with water, collecting the 
wash water in the volumetric flask. 
Dilute to volume with water and mix. 
Should the ash sample contain less than 
5 to 10 mg of sodium, vary the dilution 
and acid concentration accordingly. 


Procedure 


8. (a) Put the flame photometer into 
operation, using the same air, gas, oxy- 
gen, and instrument settings that were 
determined during standardization in 
accordance with Section 6 (5). Vaporize 
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the 4 mg per | standard solution and 
adjust the sensitivity control to give the 
same scale reading that was obtained 
when the curve was prepared. 

(b) Dilute an aliquot of the sample 
solution so as to obtain a working solu- 
tion that will give a scale reading near 
the mid-point of the linear portion of the 
curve prepared in accordance with 
Section 6 (6). An estimate of the dilution 
required may be made from the ash value 
obtained in accordance with Section 
7 (d) (also, see Note 8). 

Note 8.—An estimate of the extent of dilu- 
tion necessary may be obtained by vaporizing 


a portion of the sample solution and measuring: 


the intensity of the emission with the selector 
switch in the 1.0 position. By referring to the 
curve prepared as described in Section 6(b) 
and multiplying the concentration by ten, con- 
centrations up to approximately 100 mg per | 
may be estimated. The concentration of sodium 
in the sample solution may also be estimated 
by referring to a curve prepared by plotting 
scale reading against sodium concentration of 
solutions containing 0 to 100 mg per |. In this 
case, the selector switch should be in the 0.1 
position and the slit width set at 0.03 mm. 

(c) Pipet two 10-ml portions of the 
working solution into dry flasks. To 
one, add 10 ml of water and mix. To the 
other, add 10 ml of a standard solution 
containing 4 mg Na per | and mix. 
Vaporize each solution and record the 
scale reading. Vaporize the 4 mg per | 
standard sodium solution between each 
sample solution to check the performance 
of the instrument. 

(d) Determine and record the scale 
reading produced when distilled water is 
vaporized into the flame. 

(e) Perform a blank determination on 
all of the reagents, including the distilled 
water, in accordance with the procedure 
just described. Calculate the sodium 
concentration as described in Section 9. 


Calculation and Report 
9. (a) Calculate the sodium concentra- 


tion, in parts per million, as follows:. 


A-B DE _G 
Sodium, mg = * 


100 
Sodi = 
um, per cent = mg of sodium X 10007 


Sodium, ppm = per cent sodium X 10,000 


(b) If a calibration curve is used, — 
calculate the sodium concentration, in 
parts per million, as follows: : 


Sodium, mg = x x 


100 
Sodi cent = f sodi —— 
ium, per mg of s mm X 5 v 


Sodium, ppm = per cent sodium X 10,000 
where: 


A = scale reading of 10 ml of working solution 

plus 10 ml of water, 

B = scale reading of distilled water, 

C = scale reading of 10 ml of working solution 

plus 10 ml of standard sodium solution, 

D = concentration of standard sodium solu- 

tion, in milligrams per liter, 

E = volume, in milliliters, to which ashed sam- — 
ple is originally diluted, 

F = aliquot of original sample solution re- 
moved for dilution, in milliliters, 

G = volume, in milliliters to which aliquot F 
is diluted to prepare the working solu- _ 
tion, 

H = milligrams per liter of sodium in 10 ml of © 
working solution plus 10 ml of water, as 
determined from the calibration curve, 

= milligrams per liter of sodium, determined 
from the calibration curve, in 10 ml of 
working solution plus 10 ml of standard 
sodium solution, 

= milligrams per liter of sodium in reagent 
blank, as determined from calibration 
curve, and 

W = grams of sample used. 


~ 


~ 


(c) Report results to the nearest 1 
ppm. — 
Precision 


10. See the Supplement to this 


method. 


MetHop B. PERKIN-ELMER 
FLAME PHOTOMETER 


Apparatus 


11. (a) Perkin-Elmer Photometer, in- = 


ternal standard type equipment. 
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Nore 9.—Details of this method as written 
are based on the Perkin-Elmer flame photom- 
eter, Model No. 52A. 


(b) Platinum Dish, 100-ml. capacity, 
approximately 3.5 cm in depth. 

(c) Electric Muffle Furnace, capable of 
operating over a variable range of 200 
to 600 C and of maintaining a temper- 
ature of 500 + 50 C. 


Reagents 


12. (a) Internal Standard Lithium 
Chloride Stock Solution (1000 ppm Li). 
—Dissolve 6.1 g of LiCl per liter of 
water. This solution is equivalent to 
approximately 1000 mg of lithium per 
liter (see Note 10). 

(b) Standard Sodium Solution (400 
ppm Na).—Dissolve 1.0165 g of dried 
NaCl per liter of water; this solution 
should contain 10 mg of sodium per 25 
ml. 

(c) Hydrochloric Acid (sp gr 1.19). 

(d) Hydrofluoric Acid (48 per cent). 


Standardization of Apparatus and Prep- 
aration of Calibration Curves 


13. (a) Dilute the 400 ppm standard 
sodium solution to obtain solutions 
containing 1, 2, 3, 4, 5, 6, 8, and 10 
mg of sodium, together with 100 mg of 
lithium, per liter. 


Norte 10.—The solutions to be analyzed must 
contain no more of the element to be determined 
than the highest standard and must contain 
the same concentration of lithium as the 
standardizing solutions. It is important that 
both standards and unknowns be made up to the 
desired lithium concentration from the same 
lithium stock solution. 


(b) Prepare the flame photometer 
according to the manufacturer’s in- 
struction manual. Turn on the acetylene 
gas to 3 psi and light the burner. Set the 
air pressure to 10 psi and increase the 
acetylene pressure to 5 psi. Set the 
internal standard dial to 0 and the coarse 
gain control to maximum. Turn the 
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zero adjustment knob until the meter 
reads 50 (center scale position). Tune 
the wavelength selector dial to the 
element to be determined. Pour into the 
atomizer the most concentrated standard 
solution to be used and turn the wave- 
length selector dial above and below the 
position marked for the element to be 
determined. As the correct wavelength is 
passed, the meter needle swings to the 
right. If the meter needle goes off scale, 
turn the coarse gain control counter- 
clockwise until the needle remains on the 
scale at the wavelength giving maximum 
deflection. 

(c) With the internal standard dial set 
at 100, adjust the coarse and fine gain 
controls, using the 10 mg per | standard 
sodium solution, until the meter returns 
to 50. With no sample in the atomizer 
and the internal standard dial set to 0, 
reset the meter adjustment knob to 50. 
Repeat the foregoing operations and 
make adjustments if necessary. Pour 
in the second standard solution (8 mg 
per |), bring the meter back to 50 by 
turning the internal standard dial, and 
record its balance position. 

(d) Atomize the first standard solution 
and bring the meter back to 50 with 
the internal standard dial, record its 
balance position. If the reading differs 
by more than one division, reject the 
value obtained and repeat the foregoing 
operations until consistent readings are 
obtained. 

(e) Repeat the procedure in Paragraph 
(d) for each of the standard solutions 
and plot a calibration curve of internal 
standard dial readings versus concentra- 
tion of sodium in milligrams per liter. 


Sample Preparation 


14. (a) Proceed in accordance with 
Section 7 (a) to (f). 

(b) Heat the platinum dish on a steam 
bath, to effect solution of the sodium 
salts, until 1 ml of liquid remains. Re- 


i 
* 


re 


ns 
ial 


Re- 


move from the steam bath, add 5 to 10 
ml of water, and filter, using an acid- 
washed filter paper, into a 100-m\ 
volumetric flask. Wash the dish and 
filter paper with water, collecting the 
wash water in the volumetric flask. Add 
10 ml of the LiCl stock solution, dilute 
to volume with water, and mix. Should 
the ashed sample contain less than 5 to 
10 mg of sodium, vary the dilution and 
the acid and lithium concentrations 
accordingly. 

Procedure 

15. (a) Adjust the flame photometer 
for operation according to the directions 
given under the standardization of ap- 
paratus (Section 13(5)). Check the cali- 
bration curve with the 10 mg per | and 
the 3 mg per | standard sodium solutions. 
Atomize the unknown sample solution 
and record the internal standard dial 
reading to obtain the meter balance as 
50. From the calibration curve, deter- 
mine the concentration of sodium in 
milligrams per liter. 

(6) Perform a blank determination 
on all of the reagents, including the 
distilled water, in accordance with the 
preceding paragraph. 

(c) If the concentration of the un- 
known samples exceeds 10 mg of sodium 
per liter an aliquot of the diluted sample 
may be selected on the basis of the 
percentage ash determination in Section 
14 to find a working solution in the 
proper range. This selected aliquot, ad- 
justed for lithium content, diluted to 
volume, and mixed, may be atomized 
to find a suitable internal standard dial] 
reading. 

(d) Interferences Using the Internal 
Standard Procedure: 

(1) Potassium Interference in Sodium 
Determination.—The effect of the pres- 
ence of potassium on sodium measure- 
ments has been found to be negligible 
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with concentrations up to 10 mg per | 
of potassium and with sodium con- 
centrations of 0 to 10 mg per |. 

(2) Iron Interference on Sodium.— 
There is no interference effect from 
iron at a concentration up to 25 ppm 
when sodium js present at 5 ppm 
(see Table II). 


TABLE II.—_IRON INTERFERENCE WITH SODIUM 


PRESENT AT 5 PPM CONCENTRATION. 


66 
29 
16 
5 

35... 0 


Calculation and Report 


16. (a) Calculate the sodium con- 
centration, in parts per million, as 
follows: 

(4-B)XCXE 


Sodium, mg = 1000D 


Sodium, per cent = mg of sodium X aie 


1000W 
Sodium, ppm = per cent sodium X 10,000 
where: 
A = scale reading for the sample, expressed as 
miligrams per liter, 


B = scale reading for reagent blank, expressed — 
as milligrams per liter, 


C = volume, in milliliters, to which ashed sam-— 


ple is originally diluted, 

D = volume, in milliliters, of aliquot taken from a 
original dilution volume, 

E = volume, in milliliters, to which aliquot D> 
is diluted, 

W = grams of sample used. 


(b) Report results to the nearest 1 ppm. 


Precision 


17. See the 
method. 


Supplement to this 


d 
e 
is 
e 
e 
n 
st 
n 
d 
1S 
“4 
0, 
0. 
id 
ur 
1g 
id 
on 
th 
its 
he 
ng 
ph 
ra- 
er. 
ith 
um 
__| 


~J 
co 


Report oF CommitTrEE D-2 (Appenprx III) 


SUPPLEMENT 


SUMMARY OF RESULTS OF COOPERATIVE TESTS 


The results of cooperative tests on this method for sodium, and a statistical ana- 


lysis of the data, are given in Table III. 


TABLE III.—SUMMARY 


OF RESULTS OF COOPERATIVE TESTS ON THE FLAME PHOTOMETRIC 
METHOD FOR SODIUM. 


Laboratory 


Avg 


Avg 23 


Sodium, ppm Sodium, ppm 
Sam- Sam Sam Laboratory Sam- Sam- Sam - | Sam- | Sam- | Sam- 
e e e e e e 
3 ES Es BS BS 5 
0 30 81 17 
0 27 80 22 44 0 20 41 112° 
28 79 F 23 41 0 15 38 118¢ 
23 38 0 17 39 118° 
23 41 0 17 39 116° 
19 22 
0 20 37 94 20 
0 20 95 *. 24 43 1 20 27 80 
1 21 37 97 G 5 47 0 20 28 79 
25 47 0 20 27 79 
0 20 37 95 —_ a= 
Avg 25 46 0 20 27 79 
0 33 | 79 25 | 47 o | 20 
1 35 78 
0 35 79 Avg 28 46 0 rs 
25 50 0 23 23 80 
K 2 | si | o | 22 | 25 | 77 
29 | 81 
oli! Avg 25 | St o | 23 | 2% | 78 
Summary? 
0 15 25 88 N 25 24 23 23 23 20 
0 15 27 91 P 24 45 0 19 31 83 
0 15 26 90 100%/P 13 9 os 16 19 7 


= Arithmetic ave: 


100%/P = Percentage variation. 


= Standard af individual determination treet mean square), and 


® Value not included in statistical analysis. 
The symbols used in this summary are defined as follows: 
_ N = Number of individual determinations averaged, 


= 
Sam- Sam- 
e e 
| 
16 44 
A 19 | 46 
18 | 43 
Avg | 18 | 44 
7 
> 25 46 
B 25 44 
23 42 
26 47 
Cc 25 49 
Avg 2s 48 
t 
23 45 
D 24 46 
7 23 42 
Avg 23 | 44 
22 | 38 
E 23 | 37 
ok 
> 
> 
~ 
® 
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PROPOSED RECOMMENDED PRACTICES FOR APPLYING PRECISION 
_ - DATA GIVEN IN ASTM METHODS OF TEST FOR 
PETROLEUM PRODUCTS AND LUBRICANTS':? 


This is a proposed recommended practice and is published as information 
_ only. Comments are solicited and should be addressed to the Ameri- 
can Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 

1. (a) This recommended practice de- 
scribes ways in which the precision limits 
can be used for rejection of faulty test 
results by an operator and the limits 
within which the average should be. It is 
also intended to indicate when results 
obtained by two laboratories differ by an 
amount sufficient to be considered sus- 
pect, and the limits within which the 
correct value should be expected. 

(6) This practice applies only to those 
ASTM methods specifically referring to 
it and is intended to apply at a confidence 
level of 95 per cent. These recommenda- 
tions assume that the method is under 
control by the user and that the material 
tested behaves in a manner similar to 
that on which the precision data of the 
applicable method was obtained. 

Note 1.—For recommended practices on 
Designating Significant Places in Specified Lim- 
iting Values, see ASTM Standard E 29.3 
Definitions 

2. Variability*:* is a measure of the 
inherent random errors of the test oper- 


1 This proposed recommended practice is under the 
isdiction of the ASTM Committee D-2 on Petroleum 
roducts and Lubricants. 
* Published as information, June, 1953. 
3 For a more complete A‘ ASTM publication on the pres- 
entation of data and presenting limits of uncertainty of 


rved average, see “ASTM Manual on Quality. 


an obse: 
Control « of Materials,” STP 15-C, 1951. 
see Simon, “Engineers "of Statistical 
Methods, John Wiley Sons, New York, N. Y. 


APPENDIX IV 


ation. The most efficient measure of vari- 
ability for a normal distribution is the 
standard deviation. In ASTM methods of ; 
test for petroleum products and lubri- 
cants, it has been judged useful to evalu- 
ate the variability for two different 
situations as follows: 

(a) Repeatability is a quantitative 
measure of the variability associated with | 
a single operator in a given laboratory, 
generally with the same apparatus and 
within a small interval of time. It is 
defined as the greatest difference between 
two single and independent results that 
can be considered acceptable (not signifi- 
cantly different) at the 95 per cent 
probability level (for methods referring 
to this recommended practice). 

(b) Reproducibility is a quantitative 
measure of the variability associated 
with operators working in two different 
laboratories. It is defined as the greatest 
difference between a single test result 
obtained in one laboratory and a single 
test result obtained in another laboratory 
that need not be considered suspect 
(significantly different) at the 95 per cent 
probability level (for methods referring - 
to this recommended practice). 


2.—The definition for Reproducibility 
has been based on the simplest comparison pos- 
sible and the only one that can be anticipated. 
Nevertheless, when each laboratory “result” is 
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the mean from more than one test, and where 
the Reproducibility of a method is more than 
twice as large as the Repeatability, the mean 
results obtained in the two laboratories may be 
compared directly with the Reproducibility as 
described in the following sections without ap- 
ciable change in confidence level. However, 
when Repeatability and Reproducibility have 
the same, or nearly the same, values, then the 
number of tests constituting a laboratory mean 
contributes significantly to the confidence in 
that mean; this situation does not appear to be 
a very common one. 


(c) Estimate of Standard Deviation is 
the numerical measure of variability on 
which the derived terms in the recom- 
mended practice is based, and is generally 
calculated from cooperative tests from 
which 20 to 30 independent test results 
are available. The symbol s is used to 
designate this term as distinguished from 
the symbol o associated with a calcula- 
tion from a much larger sample more 
representative of the whole population. 
The value s is calculated® as follows: 


n(Xi + ... +X) 
— (Xi + X2 + +++ + Xn)? 
n(n — 1) 


where: 
Xe, = individual results, and 
n = number of test results 


Interpretation 


3. The following rules for judging the 
reliability of a set of results are based 
upon the best available estimate of the 
standard deviation of the test operation 
for the given method and are expected to 
be applicable to the entire population of 
data developed by strict adherence to 
that method. These rules are not in- 
tended as general rules for the rejection 
of wild results from very small samples of 
data obtained by methods other than 


5 See page 14, footnote 1 of “ASTM Manual on Quality 
Control of Materials,” STP 15-C, January, 1951. 
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those standardized on the basis of this 
Practice.® 


Repeatability Rejection Rules 


4. (a) When two results are obtained 
that differ by less than the Repeat- 
ability of the method, report the mean of 
the two values obtained as the result of 
the test. 

(6) When two results are obtained 
which differ by more than the repeat- 
ability of the method, regard one or 
both of these results as suspect and 
make two further tests. Multiply the 
Repeatability of the method by 1.32 
(because the range for a sample of 4 is 
being used instead of the range for 2), and 
if the difference of the two most divergent 
results is less than this value, report the 
mean of all four values as the result of 
the test. 

(c) When the difference between the 
first pair differs by more than the repeat- 
ability and that of the second pair does 
not, and the difference between the two 
most divergent results exceeds 1.32 times 
the Repeatability, report the mean of the 
second pair as the result of the test and 
discard the first pair of results. 

(d) When both pairs of results exceed 
the Repeatability of the method, consider 
all results as equally suspect and examine 
the apparatus, procedure, and sample for 
noncompliance with the conditions pre- 
scribed in the method. Correct the con- 
ditions, discard previous results, and re- 
determine a pair of values. 

(e) Where the number of determina- 
tions made exceeds two, for reasons other 
than unsatisfactory agreement between 
the first pair of results, the data may 
still be compared directly with Repeat- 
ability to obtain a reasonably satis- 
factory criterion for rejection. Compare 


® See Blaedel, Meloche, and Ramsay, ‘‘A Comparison 
of Criteria for the Rejection of Measurements,” Journal, 
Chem. Ed., Vol. 28, p. 643, 1951, which described method 
for rejection of a discordant result from a small sample 
of data (3 to 10 tests), and Dean and Dixon, “Simplified 
Statistics for Small Number of Observations,” Analytical 
Chemistry, Vol. 23, p. 636, 1951. 
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the most suspect result with the mean of 
the remaining results, and if ‘the differ- 
ence so obtained exceeds the Repeat- 
ability of the method, then that result 
should be rejected and the mean of the 
remaining results reported. 


Repeatability Confidence Limits 

5. (a) It is important to distinguish 
between cases in which it is desired to 
establish both upper and lower limits of 
the expected mean of an infinite number 
of results (double limit situation), and 
those cases in which it is required simply 
to establish an upper (maximum) limit or 
a lower (minimum) limit. 

(b) If one operator working on one 
apparatus makes a series of m determina- 
tions of some quantity obtaining a mean 
value of X, then it may be said that the 
mean of an infinite number of tests by 
the same operator would fall within 
certain limits 95 per cent of the time as 
follows: 

Repeatability 

V2n 
This allows the gain in precision by one 
operator to be expected from any increase 
in the number of results to be evaluated 
exactly for the confidence level of 95 per 
cent. 

(c) If, in obtaining a set of results 
under conditions of Repeatability, it is re- 
quired to establish a single limit, either 
upper or lower, for the expected mean of 
an infinite number of tests, then the same 
procedure is followed except that the 
value given for Repeatability, r, must be 
multiplied by a factor of 0.84 (Note 3). 
Thus, it may be said with 95 per cent 
confidence that the mean of an infinite 
number of tests by one operator lies 
either: 


within X + 


Nore 3.—To multiply the double limit situa- 
tion by the factor 0.84 to obtain the single limit 
situation is not strictly correct since the factor 
varies slightly according to the precision of the 
estimate of Repeatability. The magnitude of this 
variation is, however, quite small, and the use 
of a single factor is sufficiently accurate for 
practical purposes. 


Reproducibility Suspicion Rule 


the limits of Reproducibility, the results 
(Note 4) should be averaged and assigned 
as the value for the sample. The mean 
value of the two laboratory results rather 
than either one separately should be con- 
sidered preferable in judging conform- 
ance to a limiting specification value. 


Note 4.—Normally, it is expected that when 7 


comparisons between results of two laboratories 
are made for Reproducibility, single values from 
each will be compared. If each of the labora- 
tories has produced ‘more than a single result, 
and if the Reproducibility is more than twice the 
repeatability, the means of results from each 
laboratory may be compared as described for 
single results (see also Note 2). 


of Reproducibility, and one is outside 
the limiting specification value, then 
each laboratory should repeat the test on 
a freshly drawn sample (Note 5). The 
mean of this second pair of tests should 
then be observed for agreement as just 
described. 


Nore 5.—When repeat tests are made, the 
freshly drawn sample should be equally divided — 
for test by all participating laboratories in order 
to eliminate the possibility of introducing a gross_ 
sampling error into the question of 
by these tests. 


(b) When the values from two labora- 
tories do not agree within the : 


(c) If the two laboratories cannot pro- 
duce a pair of results in agreement with 
_ these concepts, it is probable that oper- 


below X 
+o JE ations in one of the laboratories is not 
or al under control as expected by the method 


and a third or referee laboratory might 
be invited to also make the test, again 


6. (a) If two test results, one reported 
by each of two laboratories, agree within 


ah 
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using a freshly drawn sample (Note 5); 
in this case, multiply the Reproducibility 
by 1.2 (to convert a range for a sample 
of two to a range for a sample of three) 
and compare the two most divergent re- 
sults with it for acceptance. The average 
of the three, if acceptance is indicated, 
is to be considered the best value for the 
set. Alternatively, tests might be made 
on a standard or reference sample to 
demonstrate magnitude of lack of testing 
control. 


TABLE I.—MULTIPLIERS OF THE ESTIMATE OF 
THE STANDARD DEVIATION FOR CALCULATING 
THE GREATEST DIFFERENCE BETWEEN TWO 
Lae AT THE 95 PER CENT PROBABILITY 


Degrees of Multi- |Degrees of Multi- |Degrees of Multi- 
Freedom® plier | Freedom® Freedom® plier 


plier 


P oe of separate independent tests minus one 
— 1). 


Discussion of Repeatability 


7. (a) For an infinite number of tests 
by a single operator working with a 
single apparatus, the standard deviation, 
o, is related to the range of a pair of 
results. In the long run a range of 2.77¢ 
should be exceeded by the operation of 
random errors only 5 per cent of the time. 
Since only an estimate of the standard 
deviation, s,, is calculated from the 
limited number of data usually available, 
this estimate must be multiplied by a 
factor larger than 2.77 (Table I) for the 
calculated range to have the same proba- 
bility level. 

(6) The criterion for Repeatability in 
Paragraph (a) is built upon the standard 
deviation of the difference of pairs of 


q 
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results obtained in an individual labora- 
tory and the deviation of this difference 
from zero. The variance of the difference 
of two results is twice the variance of 
individual results, and the standard devi- 
ation of the difference is »/2 ( or 1.414) 
times the standard deviation of the indi- 
vidual results. Although 1.960 repre- 
sents the 95 per cent probability limits 
for the distribution of individual results 
about the mean, 2.770 (or 1.414 X 
1.96 X o) represents the 95 per cent 
probability limits for the variation of the 
difference of pairs from zero. A similar 
situation applies to Reproducibility. 

(c) While the definition of Repeat- 
ability depends upon the use of a single 
apparatus, it is not practical to obtain a 
repeatability standard deviation from a 
large number of tests by a single operator, 
using either one or several apparatuses; 
nor is it reasonable to expect a single 
operator to be typical for the test in 
question. Hence, estimates of repeat- 


_ ability standard deviations are obtained 
_ by combining (pooling) the differences 
_ between results from each of several 


operators in different laboratories, (carry- 
ing out the same determination on 
identical material) from his mean. 

(d) When & operators are involved,’ 
if Operator 1 makes m, determinations of 
which the mean is X; with any individual 
result X,, Operator 2 makes m2 determi- 
nations of which the mean is X2 with any 
individual result X2, and so on to Oper- 
ator k, the pooled estimate of the re- 
peatability standard deviation, s,, can 
be obtained from: 


2(X, — Xi)? + 2(X2 — 
+ — X;)* 


— 1) + — 1) +--+ + (m — 1) 


When & operators, each from a differ- 
ent laboratory, produce a pair of results 
™ “Standard Methods for Testing Petroleum and its 


Products,” Institute of Petroleum (London), Appendix 
E of latest edition. 


1 
= 
3.03 | 29......... 2.89 
ks 
oye 
‘ 
. 


with differences of d;, dz --+ d,, then the 
above reduces to? . 


wo 
2k 


Discussion of Reproducibility 


8. (a) The estimate of the reproduci- 
bility standard deviation, sz of the test 
results from different laboratories is ob- 
tained from a limited number of co- 
operative tests and has a relation to the 
standard deviation, o, of the mean of 
results from each of an infinite number of 
laboratories as has Repeatability. On the 
whole, the number of laboratories par- 
ticipating in a given cooperative test 
program may be less than the number of 
operators, so that the Reproducibility of a 
method will be slightly less precisely 
known than the Repeatability. Continu- 
ing the simple case of Section 7(d) where 
k operators, each in different laboratories, 
produce results the average of which is 
X, and the grand average is X, then the 
reproducibility standard deviation, sr, is 
calculated from: 


(6) The value for Reproducibility is 
obtained by multiplying the calculated 
value for sz by the appropriate factor 
from Table I corresponding to (k — 1) 
degrees of freedom. It is being assumed 
here that the mean value produced in 
each laboratory provides an sg compara- 
able to that from the first result of each 
(Note 2). Where this is not the case, then 
only the first result from each of the k 
operators in the & laboratories should be 


® Youden, “Statistical Methods for Chemists,” John 
Wiley and Sons, Inc., New York, N. Y., p. 16 (1951). 
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_ measurement to be reported by the method. 
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used for X,, and may be calculated as — 
follows: 


or 


Identification 


9. This recommended practice is in- 
tended to apply when the following or its 7 
equivalent appears in the Precision 
Section of the method: 


Precision: 


The following data should be used for judging 
the acceptability of results (95 per cent prob- 
ability) according to the concept of precision as 
given in the ASTM Proposed Recommended 
Practice for Applying Precision Data Given in 
ASTM Methods of Test for Petroleum Products 
and Lubricants. 

(a) Duplicate results by the same operator 7 
should be considered suspect if they differ by 
more than the following amounts: 


Range or 
Sample 
Description Repeatability 


(b) The result submitted by each of two labo- 
ratories should not be considered suspect unless 
they differ by more than the following amounts: 


Reproducibility 


Norte 6.—Whenever it is clearly possible to 
do so, express Repeatability and Reproducibility 
in the same dimensions as required for reporting 
results. When the precision is stated as a per- 
centage value, it is intended that the value rep- 
resent the absolute value of uncertainty of a 
result also reported as percentage. When the 
precision is stated as “per cent of the mean,” it 
is intended as a relative measure of uncertainty 
and may be applied regardless of the units of 
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APPENDIX V 


PROPOSED WEATHERING TEST FOR LIQUEFIED PETROLEUM 


GASES!:*:* 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. This method describes a procedure 
for determining the boiling point of the 
residue remaining after 95 per cent of a 
liquid sample of liquefied petroleum gas 
has been evaporated by weathering. 


Outline of Method 


2. A 100-ml liquid sample of liquefied 
petroleum gas, precooled to approxi- 
mately its boiling point, is collected in a 
centrifuge tube, and allowed to weather 
in air as long as its temperature remains 
below 10 F, or immersed in a 60 to 70 F 
water bath when the weathering tem- 
perature exceeds 10 F. The temperature 
of the residue is determined when 5 ml 
of the sample remains. After correction 
to a barometric pressure of 740 mm of 
mercury, this temperature is reported as 
the boiling point of the 5-ml residue. 


Apparatus 


3. (a) Weathering Tube, made of heat- 
resistant glass, and conforniing to the 
requirements shown in Fig. 1. 

(b) Tube Support, for holding the 
weathering tube by its neck in a vertical 
position in the water bath. 


1 This proposed method is under the jurisdiction of the 
ASTM Committee D-2 on Petroleum Products and Lubri- 
cants. 
2 This proposed method is based on the Natural Gaso- 
line Association of America’s LPG Weathering Test, as 
described in NGAA Publication 2140. 

* Published as information, June, 1953. 


(c) Water Bath, made of a shallow 
container filled with clean water to a 
depth of 1} in., and maintained at a 
temperature of 60 to 70 F. 

(d) Thermometer, ASTM Low Cloud 
and Pour, having a range of —112 to 
+70 F, and conforming to the require- 
ments for thermometer 6F as prescribed 
in ASTM Standard E 1.4 

(e) Precooling Apparatus, consisting 
of the following parts, as shown in 
Fig. 2: 

(1) Cooling Vessel—Any suitable 
wide-mouth metal container or Dewar 
flask, at least 2} in. in inside diameter, 
by 11} in: deep. 

(2) Cooling Coil—A cooling coil, 
consisting of approximately 20 ft of 
3%; in. OD soft copper tubing wound on 
a hollow mandril at least 2} in. OD, 
with adjacent turns touching. The 
lower end of the coil shall be brought up 
through the center of the mandril be- 
fore winding, so that the finished coil 
will fit snugly the sides of the cooling 
vessel. When assembled, the top of this 
coil shall be at least 1 in. below the top 
of the cooling vessel. The ends of the 
copper coil shall not extend more than 
a few inches beyond the mouth of the 
cooling vessel. The downstream end 
shall be connected to a 4-in. needle 
valve provided with an outlet con- 
nection not more than 3 in. long. 


41952 Book of ASTM Standards, Parts 3, 4, 5. 
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a 


are 


[— SLOTTED CORK 
GRADUATION 


MINIMUM 


8 
TOLERANCE 


INSIDE TOL. 
TOLERANCE 


MIN. INSIDE 
DIAMETER 
GRADUATION TOLERANCES 


Range, ml Scale Bitton, Limit < Error, 
0.0 to'0.1....... 0.05 0.02 
0.05 0.03 

0.3 to 0.5 0.05 0.05 

0.1 0.05 

1.0 to 3.0.. 4 0.1 0.1 

3.0 te S.0....... 0.5 0.2 

5.0 to 25.0. -+| 1.0 0.5 
25.0 to,100.0..... | 1.0 1.0 


Notr.—The shape of the lower tip of the tube is es- 


Fic. 1.—Weathering Tube. 


(3) Precoolant—The precooling 
liquid may be the liquefied petroleum 
gas from the same container from which 
the test sample is later to be taken. 
Other refrigerants having a boiling 
point lower than the initial boiling 
point of the sample may also be used. 
Where safety requires its use, a non- 
flammable precoolant should be em- 
ployed. 

Sampling 
4, Fill the cooling vessel with the pre- 


- coolant so as to cover the cooling coil, 


Yo" NEEDLE VALVE 
SAMPLE VALVE 
SAMPLE Line 


METAL OR GLASS 
comune 


uh’ 
MINIMUM 


\ 
@ J 


_ (Coils in drawing extended for clarity.) 
Fic. 2.—Precooling Apparatus. 


and attach the inlet of the cooling coil 
to the source of sample with a short-line 
connection of }-in. pipe or larger, and 
with a sampling valve large enough to 
prevent vaporization of the material due 
to drop in pressure across the valve seat. 
Purge the sampling line and cooling coil 


ecially important. The taper shall be uniform and the 
ottom shall be rounded as shown in the drawing. 
Tubes must be made of heat-resistant glass and thor- 
oughly annealed. 
., Lubes shall comply in wall thickness to ASTM cen- 
trifuge tube requirements. 
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by opening both the sampling valve and 
the }-in. needle valve on the down- 
stream end of the cooling coil. After 
sufficient purging, fill the weathering 
tube with the sample flowing through the 
cooling coil. Empty this first sample, 
add one or two grains of charcoal, and 
then refill the weathering tube to the 
100-ml mark with fresh liquid sample 
passing through the cooling coil. Care- 
fully insert the thermometer, which has 
been cooled in the precoolant bath. 
Center the bottom tip of the thermometer 
bulb in the tube opposite the 1-m! mark. 
This may be accomplished by the use of a 
slotted cork. 


Procedure 


5. If the temperature of the sample is 
below 10F, allow it to weather in the 
atmosphere until it has reached 10 F. 
When the temperature of the sample is 


REPORT OF COMMITTEE D-2 (APPENDIX V) 


10F or greater, place the weathering 
tube vertically in the 60 to 70 F water 
bath to the 1}-ml mark, and allow the 
contents to weather. Do not remove the 
thermometer from the weathering tube 
during the test. 


Report 


6. With the thermometer in place, 
note and record the temperature when the 
liquid level is at 6.0 ml. This corresponds 
to a hydrocarbon residue of 5.0 ml. 
Correct the observed temperature to a 
barometric pressure of 740 mm of mer- 
cury by adding 0.6 deg to the observed 
temperature for each 10 mm the test is 
conducted below 740-mm pressure, or by 
subtracting 0.6 deg from the observed 
temperature for each 10 mm the test is 
conducted above 740-mm pressure. Report 
the corrected temperature as the 5 per 
cent residue boiling point. 


| 
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REPORT ON PROPOSED METHODS FOR ANALYSIS OF GRAPHITE 2 


UNDER CONSIDERATION BY RESEARCH DIVISION XII 
ON GRAPHITE TESTS 


This report is published as information only. Comments are 
solicited and should be addressed to the American Society 
for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


A survey of existing methods of anal- 
ysis of graphite shows a wide variety of 
methods. Many of them apparently are 
based on accepted methods of coal 
analysis because not only is a method 
for “volatile” given but the final results 
are dependent on this determination. 
Lubricating grades of graphite are very 
low in volatile and, furthermore, volatile 
has little or no significance. 

Section B of Research Division XII of 
Committee D-2 is working on methods 
that will not only be significant for 
lubricating grades of graphite but for 
most other graphites as well. 


The method for moisture is widely- 


used. The term “moisture and other 
volatile matter” is included to satisfy 
the fact that in heating at 105 C the 
loss is not rigidly limited to water. The 
method is capable of greater precision 
than 0.1 per cent, but this figure was 
deemed adequate. 

With graphites, the nongraphitic 
portion is of more significance than an 
exact determination of graphitic carbon 
(pure graphite). The practice has been, 
however, to report graphitic carbon. 
Bowing to custom, therefore, there has 
been included a calculation for graphitic 
carbon. 

When graphitic carbon was calculated 
from determinations of volatile and 
ash, a wide discrepancy between labora- 
tories (and sometimes within labora- 


tories) was noted. The error was pinned 
down to oxidation of the graphite in the “ 
heating process to determine volatile. 
Thus, not only was the volatile in 
error but, more important, the graphitic ' 
carbon as well. aa 

It was evident that a determination of 
ash alone was insufficient, because it 
would not show combustible adulterants. 
Practically, the. only adulterant not 
affecting the ash is amorphous carbon. 
Amorphous carbon can be separated 
from graphite by a heavy liquid that 
partitions their respective densities. — 
Ethylene bromide was chosen because 
it has a density between carbon and 
graphite and because it may be used as 
purchased, without adjustment. 

On the dry basis, a precise analysis of 
graphite can be made by determining 
the amorphous carbon and the ash. The 
methods given herewith are simple, re- 
producible and significant. Methods of 
greater precision, such as the combustion 
train for total carbon, have been con- 
sidered and tested. They may appear 
later as alternate methods. 

Cooperative tests now under way in 
Research Division XII have demon- 
strated that the methods given here are 
better suited to the laboratories of 
sellers and consumers of graphite. These 
proposed methods, developed by Sec- 
tion B on Chemical Analysis, are as 
follows. 
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Moisture ‘ 
Procedure 


1. Transfer 5 g of the sample, weighed to 
0.001 g, to a wide-mouth weighing bottle pro- 
vided with a glass stopper. Heat, with the 
stopper removed, for 2 hr at 105 + 2 C, in- 
sert the stopper, cool, and weigh. 


Calculation and Report 


2. (a) Calculate the percentage moisture 
and other volatile matter as follows: 


Moisture and other volatile matter, per cent 
wt loss on heating 
*_:100 
wt of sample 


_ (b) Report to the nearest 0.1 per cent. 


Carbon (Amorphous) 
Procedure 


3. (a) Rub up approximately 5 g of the 
dried sample in a mortar with a pestle and 
weigh 1 g, to the nearest 0.001 g, into a 15- 
ml cone-shape centrifuge tube. Add 10 to 15 
ml of ethylene bromide (sp gr 2.18 to 2.19) and 
shake well by hand. Centrifuge in excess of 
1200 rpm for a minimum of 20 min; then re- 
move the centrifuge tube and allow to stand 
undisturbed for 1 hr. There should be a clear 
line of demarcation between the liquid and 
the solids. 

(b) If any material has collected at the top 
of the liquid, it shall be reported as carbon. 
Transfer the floating solids to a tared Gooch 
crucible and wash with acetone; dry at 105 + 
2 C to constant weight. 

(c) Because occluded air may cause graph- 
ite to float, giving erroneous results, the 
carbon found may exceed specification limits. 
When limits are exceeded, the test shall be re- 
peated on a sample ground to pass a No. 100 
(149-micron) sieve.! 


' Detailed re » for this sieve are given in the 
Standard —— ior Sieves for Testing P 
Designation: E 1952 Book of ASTM Si Standards 

art 5. 
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(ApPENDIx VI) 


PROPOSED METHODS FOR ANALYSIS OF GRAPHITE _ 


Calculation and Report 


4. (a) Calculate the carbon as follows: 
Carbon, per cent = 


t gain in Gooch crucible _ 
Wt gain in oocn crucl ex 100 


wt of sample 
(b) Report to the nearest 0.1 per cent. 


Ash 
Procedure 


5. Weigh into a shallow, previously ignited 
and weighed, porcelain or platinum dish or 
boat (Note 1) 1 g of the dried sample, and 
spread thinly and evenly over the entire bot- 
tom. Heat in a muffle with free access of air 
at 950 + 25 C until all combustible matter 
is consumed (Note 2). Cool the vessel in a 
desiccator, and weigh. 


Calculation and Report 
6 (a) Calculate the ash as follows: 
Ash, per cent = 


wt of sample after ignition 


xX 100 
wt of sample 


(b) Report to the nearest 0.1 per cent. 


Graphitic Carbon 
Calculation and Report 


7. (a) Calculate the graphitic carbon as 
follows: 


ons carbon, per cent 
— (per cent ash 2 omen carbon) 


(b) Report to the nearest 0.1 per cent. 


Norte 1.—For referee purposes, use a flat- 
bottom dish having a diameter of 49 mm. 

Note 2.—Three hours is usually enough time 
for consumption of the combustable matter. 
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A joint meeting of Committee D-3 
on Gaseous Fuels and its seven sub- 
committees was held in State College, 
Pa. on July 18, 1952. Four of the sub- 
committees also held individual meetings 
on the same day. Two additional sub- 
committee meetings were held in Detroit, 
Mich., on March 2, 1953. 


RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE: ON 
STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-3 presented to the 
Society through the Administrative 
Committee on Standards the proposed 
Tentative Method of Sampling Manu- 
factured Gas which had been prepared 
by Subcommittee I. The method was 
accepted by the Standards Committee 
on December 12, 1952, and it appears in 
the 1952 Book of ASTM Standards, Part 
5, bearing the designation D 1247 — 52 T. 


New TENTATIVE 


Committee D-3 recommends the 
Method of Sampling Liquified Petroleum 
Gases for publication as tentative as 
appended hereto.! This method was 
developed jointly in cooperation with 
Committee D-2 on Petroleum Products 
and Lubricants. In its original form the 
method was published in 1950 as infor- 
mation, and in 1952 with some minor 


* Presented at the Fifty-sixth Annual Meeting of the 
Th June 28-July 3, 1953. 
new tentative was accepted by the Society and 
ards, Part in a. 1953 Supplement of Book of ASTM Stand- 
art 5 
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revisions was incorporated in the Tenta- 
tive Method of Sampling Petroleum and 
Petroleum Products (D 270-52 T)? 
Committee D-3 believes that this sam- 
pling method should be published sepa- 
rately under an individual ASTM desig- 
nation. Committee D-2 concurs in this 
proposal and the method appended here- 
to' is accordingly recommended jointly 
by both committees. 


ADOPTION OF TENTATIVES 
AS STANDARDS 


Committee D-3 recommends that the 
following four tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard: 

Tentative Methods of: 

Analysis of Natural Gases by the Volumetric- 
Chemical Method (D 1136-50T), 

Analysis of Natural Gases and Related Types of 
Gaseous Mixtures by the Mass Spectrometer 
(D 1137 - 50T), 

Test for Water Vapor Content of Gaseous Fuels 
by Measurement of Dew-Point Temperature 
(D 1142-50 T), and 

Sampling Natural Gas (D 1145-50T). 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.* 

AMERICAN STANDARDS 

Approval as American Standard was 
accorded by the American Standards 

2 1952 Book of ASTM Standards, Part 5. 


3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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Association to the ASTM Standard 
Method of Test for Calorific Value of 
Gaseous Fuels (D 900 - 48 T). This was 
approved under the designation ASA 
Z68.1-1953. 

Following its adoption as standard 
by the Society, the ASTM Method of 
Test for Specific Gravity of Gaseous 
Fuels (D 1070-52) was also submitted 
to the American Standards Association 
for approval as American Standard as 
recommended by Committee D-3. Ap- 
proval was accorded under the designa- 
tion ASA Z69.1-1953. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommiitee I on Collection of Gaseous 
Samples (F. E. Vandaveer, chairman).— 
This subcommittee originally prepared 
the Method of Sampling Liquified Pe- 
troleum Gases which is now recom- 
mended for publication as tentative, as 
mentioned earlier in this report. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chair- 
man).—Main attention has been devoted 
to a revision of the Tentative Method 
for Measurement of Gaseous Fuel Sam- 
ples (D1071-49T) to clarify some 
meter calibration details not in full 
agreement with the Standard Method 
of Test for Calorific Value of Gaseous 
Fuels by the Water-Flow Calorimeter 
(D 900-48). Decision was reached at 
the July 18 meeting of the subcommittee 
to appoint a task force to prepare these 
revisions. It was also agreed that any 
resulting revisions would be cleared 
through Subcommittee III. The report 
of the task force is now being awaited. 

Subcommittee III on Determination of 
Calorific Value of Gaseous Fuels (R. S. 
Jessup, chairman).—Proposals offered 
for revision of the Standard Method of 
Test for Calorific Value of Gaseous 
Fuels by the Water-Flow Calorimeter 
(D 900-48) were considered at the 
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March 2 meeting. Principal features 
related to calibration of the yy cu ft 
wet test meter, reproducibility of re- 
sults, and summarized operating instruc- 
tions. It was agreed that recommenda- 
tions of the task force now studying 
wet test meter calibration should be 
secured before proceeding with any 
revisions on the present procedure. 
The chairman has circulated to all mem- 
bers a request for additional information 
on reproducibility of results when em- 
ploying the method as written, and also 
requesting letter ballot approval of 
proposed summarized operating instruc- 
tions for inclusion in an appendix to the 
method. 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels 
(L. T. Bissey, chairman).—Attention 
has been concentrated on methods for 
determination of total sulfur, following 
the plan adopted some time ago. Agree- 
ment was reached at the July 18 meeting 
to proceed with preparation of a revised 
referee method for presentation to the 
members, so that definite decision could 
be made on developing it as a tentative 
or withdrawing it from further considera- 
tion. A revised method prepared by a 
working group has been distributed to 
members for letter ballot approval. 

Preparation of the Wilson-Kemp lamp 
method for determination of total sulfur 
is now under way. Study is also being 
devoted to other methods for total 
sulfur determination with special atten- 
tion to the precision and application of 
each. 

Subcommitiee VI on Delermination of 
Water Vapor Content of Gaseous Fuels 
(S. W. Burdick, chairman).—The sub- 
committee is conducting cooperative 
work on Brickell’s method for water 
vapor in gas which consists essentially 
of scrubbing water vapor out of the gas 
with anhydrous ethylene glycol, with 


| | 
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subsequent titration of the glycol-water 
mixture with Karl Fischer reagent. 
Subcommittee VII on Complete Analysis 
of Chemical Composition of Gaseous Fuels 
(Martin Shepherd, chairman).—A pro- 
cedure for analysis of carbureted water 
gas by the mass spectrometer has been 
developed by a group consisting of 
several members of the subcommittee 
and distributed for study and comment. 
It is proposed to revise the test to in- 
) clude any changes which may be neces- 
| sary as the result of comments received. 
The method will then be presented to 
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Committee D-3 and the entire subcom- 
mittee for approval. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 38 members; 31 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. W. GAUGER, 
Chairman. 
K. R. Kapp, 
Secretary. 9 


Note 


Subsequent to the Annual Meeting, Committee D-3 presented to the Society 

_ through the Administrative Committee on Standards a proposed Tentative 
x Method of Analysis of Carbureted Water Gas by the Mass Spectrometer. The 
" _ method was accepted by the Standards Committee on November 9, 1953, and it 

pears in the 1953 Supplement to Book of ASTM Standards, Part 5, bearing the 


eae D 1302 - 53 T. 
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Committee D-4 on Road and Paving 
Materials held two meetings during the 
past year: in New York, N. Y., on 
June 25, 1952, and in Detroit, Mich., on 
March 5, 1953. 

In the period since preparation of the 
last annual report, Committee D-4 has 
lost four of its members by death. It is 
with sincere regret that the committee 
records the passing of these gentlemen. 

Lawrence Ortolani, Materials and 
Tests Engineer of the Texas Highway 
Department, died April 25, 1952. He 
had been a committee member repre- 
senting that highway department since 
1950. 

Edward Henry Berger, Consulting 
Chemist, who became a personal mem- 
ber of ASTM in 1934, had represented 
the Johns-Manville Corp. in Committee 
D-4 since 1934. His death occurred on 
May 12, 1952. 

Claude Leon McKesson, Research 
Consultant, became a member of ASTM 
in 1930 and a member of Committee 
D-4 in 1931. Mr. McKesson died on 
July 21, 1952. 

John Strother Miller, Asphalt Tech- 
nologist affiliated with Miller-Warden 
Associates, passed away on August 23, 
1952. He became a member of the 
Society in 1903 and was elected to 
Honorary Membership in 1946. He had 
been a member of Committee D-4 since 
1914. 

Dr. Berger, Mr. McKesson, and Mr. 
Miller not only served actively on 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 29-July 3, 1953. 
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Committee D-4 over a long period of 
years, but also participated in various 
other activities of the Society and made 
many important contributions to its 
progress. In recognition of their high 
attainments and the loss which members 
of Committee D-4 feel in their passing, 
appropriate memorial resolutions were 
adopted by the committee and have 
been entered in the permanent records 
of Committee D-4 and of the Society. 

At its meeting in June, 1952, the 
committee recognized the long service of 
four of its members by electing them to 
honorary membership: 

W. H. Fulweiler, a member of ASTM 
since 1909, and a past President and 
Honorary Member of the Society, has 
been a member of Committee D-4 since 
1910. 

H. S. Mattimore, a member of ASTM 
since 1914, served Committee D-4 as 
chairman from 1924 to 1926, and was a 
recipient of the Award of Merit at the 
Fiftieth Anniversary Meeting of the 
Society. 

H. B. Pullar has been a personal 
member of the Society since 1923, but in 
1910 became a member of Committee 
D-4 as representative of the American 
Asphaltum and Rubber Co. 

Herbert Spencer became an ASTM 
member and a member of Committee 
D-4 in 1909. 

All of these have served continuously 
as members of Committee D-4 and have 
contributed greatly to its progress, par- 
ticuarly in those years when the technol- 
ogy of Toad materials was in its earliest 
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stages of development and many of the 
practical principles of road materials con- 
trol as we use them today were estab- 
lished. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-4 presented to the 
Society, through the Administrative 
Committee on Standards, recommenda- 
tions for publication of the following: 


Tentative Revision of Standard Methods of Testing: 


Emulsified Asphalts (D 244-49), and 
Tentative Specifications for: 


Materials for Soil-Aggregate Subbase, Base, and 
Surface Courses (D 1241 - 52 T). 


These recommendations were accepted 
by the Administrative Committee on 
Standards on September 5, 1952, and 
appear in the 1952 Book of ASTM 
Standards, Part 3. The tentative revision 
of D 244-49 provides a method for the 
control of consistency of Type RS-2 
emulsified asphalts by use of a test for 
Saybolt-Furol viscosity at 50 C, as re- 
quired by the tentative revision of 
Standard Specifications for Emulsified 
Asphalt (D 977 — 49), issued June, 1951. 

The Tentative Specifications D 1241 - 
52 T are under the joint jurisdiction of 
Committee D-4 and Committee D-18 on 
Soils for Engineering Purposes and have 
been developed by these committees 
and by the American Association of 
State Highway Officials to put require- 
ments for soil-aggregate highway ma- 
terials on a more logical and system- 
atic basis. These specifications cover a 
wide range of materials suitable for the 
stated uses, and recognize variations 
necessary to meet local conditions of 
service and availability of materials. 
In effect, they replace Tentative Speci- 
fications for Materials for Stabilized 


Base Course (D556-40T) and Ma- 
terials for Stabilized Surface Course 
(D 557 - 40 T) which are recommended 
subsequently in this report to be with- 
drawn. 


TENTATIVE REVISIONS OF STANDARD 


Standard Specifications for Bituminous 
Mixing Plant Requirements (D 995 - 51).! 
—To provide for adequate control when 
aggregates are blended, the committee 
believes that additional requirements on 
the feeder for the drier are desirable, and 
recommends publication of the following 
tentative revision of this standard: 

Section 2(c).—Add the following to this 
paragraph: 


When aggregates must be blended at the cold 
elevator to meet the requirements of the job mix 
tolerances, a mechanically interlocked feeder 
of two or more bins shall be provided. 


The portion of these specifications 
relating to continuous mixing plants 
does not clearly specify the mixing time 
for this type of plant. The committee 
recommends, therefore, publication of a 
tentative revision of the standard, as 
follows: 

Section 4(d).—Add the following to 
this paragraph: 


The weight per unit volume relationship of 
the coated loose mix shall be determined and, by 
reference to the volume gage on the side of the 
mixer, the dead weight at any operating height 
and the mixing time shall be calculated, using 
the following formula: 


Mixing time in seconds = 
Pugmill dead capacity in pounds 
Pugmill output in pounds per second 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Committee D-4 joins with Committee 
C-9 on Concrete and Concrete Ag- 
gregates in recommending approval of 


11952 Book of ASTM Standards, Part 3. a 
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the following revision in the Standard 
Methods of Test for Abrasion of Graded 
Coarse Aggregate by Use of the Deval 
Machine (D 289-46)! for immediate adop- 
tion, and accordingly requests the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
vision may be referred to letter ballot of 
the Society: 

Section 5(a).—Add the following to the 


tabulation of gradings: 
P Retained Percen 
Grading Sieve on Sieve of Sam 
E 7 in. No. 4 50 
4 in. ? in. 50 


The purpose of this recommendation 
is to make the gradings specified in the 
ASTM method of test correspond to 
those provided in the similar method of 
the American Association of State High- 
way Officials. 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee D-4 recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard: 


Tentative Specifications for Preformed Ex- 
pansion Joint Filler for Concrete, Bituminous 
Type (D 994-48 T), without revision, and 

Tentative Method of Test for Specific 
Gravity of Compressed Bituminous Mixtures 
(D 1188 - 51 T), editorially revised as follows: 


Section 4(e)—Change the first 
sentence of this paragraph, by addition 
of the italicized words, to read “In 
case the specimen has been obtained 
from a pavement and contains moisture, 
it is necessary to correct weights ‘A’, 
‘D’, and ‘E’ for the weight of moisture.” 

Change the last line of this paragraph, 
by addition of the italicized words, to 
read “and apply the appropriate cor- 
rection to weights A, D, and E.” 

Section 5.—Insert the word “dry” 


before “specimen” in definitions of the 
terms “D” and “E.” 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


Standard Specifications for Granite 
Block for Pavements (D 59 39)'.—Com- 
mittee D-4 recommends that the ten- 
tative revision of this standard, issued 
September 12, 1951, be approved for 
reference to letter ballot of the Society for 
adoption as standard. 

Standard Specifications for Emulsified 
Asphalt (D 977 - 49)'—Committee D-4 
recommends that the tentative revision 
of this standard, issued June, 1951, be 
approved for reference to letter ballot of 
the Society for adoption as standard. 

Standard Specifications for Bituminous 
Mixing Plant Requirements (D 995 - 51). 
—Committee D-4 recommends that the 
tentative revision of this standard, 
issued June, 1952, be approved for 
reference to letter ballot of the teed 
for adoption as standard. 


WITHDRAWAL OF TENTATIVES 


In view of the publication of the 
Tentative Specifications for Materials 
for Soil-Aggregate Subbase, Base, and 
Surface Courses (D 1241 - 52 T),! which 
were accepted on September 5, 1952, 
Committee D-4 recommends the with- 
drawal of the Tentative Specifications 
for Materials for Stabilized Base 
Course (D556-40T) and for Ma- 
terials for Stabilized Surface Course 
(D 557 - 40 T). ae 
TENTATIVES CONTINUED 

WitTHOovT REVISION 


The subcommittees of Committee 
D-4 and the joint subcommittee of 
Committees D-4 and D-18 have reviewed 
existing tentative specifications and 
methods of test which have been pub- 
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lished by the Society for two years or 
more without revision, and Committee 
D-4 recommends that the following be 
continued as tentative without revision: 


Tentative Specifications for: 


Crushed Stone, Crushed Slag, and Gravel for 
Bituminous Concrete Base and Surface 
Courses of Pavements (D 692 - 51 T).—These 
specifications should remain tentative for at 
least another year to develop suggestions for 
improvement of their requirements. 

Asphalt Cement for Use in Pavement Construc- 
tion (D946-47T).—These specifications 
should be retained as tentative pending the 
development of additional requirements to 
secure improved control of the properties and 
uniformity of asphalt cements. 

Fine Aggregate for Sheet Asphalt and Bitumi- 
nous Concrete Pavements (D 1073 - 51 T).— 
Although no criticism of these specifications 
has been received, the committee believes that 
they should be continued as tentative for at 
least another year to develop suggestions for 
modification of the requirements. 


Tentative Methods of Test for: 


Soft Particles in Coarse Aggregates (C 235-49T). 
—The committee recommends continuing this 
method as tentative for further consideration 
of its requirements by Committees D-4 and 
C-9. 

Loss on Heating of Oil and Asphaltic Compounds 
(D 6-39 T).—This tentative method has been 
in extensive use for many years, and should 
be retained. It does not have the reproduci- 
bility believed desirable for recommending 
adoption as standard, and the principal reason 
for inadequate reproducibility has been estab- 
lished as poor control of ventilation in the 
ovens used for the test. The need for adequate 
requirements applicable to test ovens has been 
brought to the attention of Committee E-1 on 
Methods of Testing, which is formulating 
specifications to control the performance of 
ovens used for heating tests. 

Moisture-Density Relations of Soils (D 698-42T). 
—Committee D-18 on Soils for Engineering 
Purposes, which has joint jurisdiction with 
Committee D-4 on this tentative method, is 
considering revision of the method. 

Soil-Bituminous Mixtures (D 915 - 47 T).—Fur- 
ther study of this procedure is desirable in 
respect to correlation with construction con- 
trol and service performance of highway soils. 


The method is in use by a number of highway 
construction agencies, and it is expected that a 
subcommittee of Committee D-18, which has 
joint jurisdiction of this tentative with Com- 
mittee D-4, will assemble appropriate data on 
the applicability and utility of the tentative 
method under practical conditions. 

Shear Strength of Flexible Road Surfaces, Sub- 
grades, and Fills by the Burggraf Shear 
Apparatus (D 916-47 T).—Considerable in- 
formation has been obtained by use of this 
apparatus, and it is expected that, when the 
data are correlated with the service behavior 
of the soils, a revision of the method may be 
indicated. Further research on the utility and 
application of this method of testing appears 
desirable. 

Effect of Water on Cohesion of Compacted 
Bituminous Mixtures (D 1075-49 T).—In 
view of work in progress on tests of compacted 
bituminous mixtures that may affect this 
tentative method, it should be continued as 
tentative for at least another year. 

Bitumen Content of Paving Mixtures by Cen- 
trifuge (D1097-50T).—A study is in 
progress on the application of this method to 
bituminous paving mixtures containing ag- 
gregate of larger maximum size than is de- 
scribed in the scope of this tentative method. 
This study may lead to recommendations for 
revision of the method, which should remain 
tentative pending conclusion of the investiga- 
tion. 


Tentative Revision of Standard: 


Definitions of Terms Relating to Materials for 
Roads and Pavements (D 8 - 52).—The com- 
mittee is considering further revision of the 
tentative definition for “tar” issued in June, 
1949. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annua 
Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee B-2 on Physical Tests for 
Compressed Bituminous Mixtures (L. F. 
Rader, chairman) is continuing its co- 
operation with the Triaxial Institute, 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 


Headquarters. 


} 
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which is engaged in fundamental studies 
of triaxial testing and at present is 
concentrating on an investigation of 
methods for the compaction of speci- 
mens, a subject of importance in all 
physical tests for compressed bituminous 
mixtures. Several studies bearing on the 
influence of various components on the 
properties of mixtures have been made 
. and are continuing under the auspices of 
the subcommittee; these include a series 
of tests to evaluate the effect of viscosity 
of asphaltic binders and another series of 
tests involving emulsified asphalts. The 
subcommittee has prepared a proposed 
tentative method of test for stability and 
flow value of bituminous mixtures by the 
Marshall test, and is considering in- 
formation on the Hveem stabilometer 
and cohesiometer procedures with a view 
to preparation of proposed tentative 
methods. 

Subcommitiee B-5 on Softening Point 
(I. E. Manning, chairman) has made 
several series of cooperative tests in 
connection with the effort to prepare a 
method of test having wide application 
in the determination of softening point 
by the ring and ball apparatus, replacing 
Standard Method of Test D 36-26 
and Tentative Method of Test E 28- 
51 T. It is indicated that a satisfactory 
method can be developed. 

Subcommittee B-7 on Viscosity and 
Float Tests (C. A. Benning, chairman) 
has completed cooperative tests to ob- 
tain data on the reproducibility of a 
proposed tentative method for Engler 
specific viscosity, and is analyzing the 
data for preparation of a statement on 
reproducibility to be incorporated in the 
method. 

Subcommitiee B-12 on Structural 
Properties of Mineral Aggregates (Stanton 
Walker, chairman) has prepared a pro- 
posed tentative method of test for void 
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content of manufactured sand, which has 
been distributed to the committee with a 
view to probable consideration as a new 
tentative method. This proposed method 
provides for determination of voids on a 
specified grading and is expected to 
furnish information concerning char- 
acteristic shape of particle. Other pro- 
cedures for measuring shape of particles 
are also under consideration. Another 
activity of the subcommittee is a study 
of procedures for evaluating the contri- 
bution which different aggregates might 
make to the slipperiness of pavement 
surfaces. 

Subcommittee B-14 on Specific Gravity 
of Fine and Coarse Aggregates (H. T. 
Williams, chairman) has been investi- 
gating specific gravity tests to determine 
the relationship between values obtained 
by various procedures, with the ob- 
jective of establishing a significant 
method for application to mixtures with 
bituminous or other binders. It is 
indicated that further research is neces- 
sary. 

Subcommitiee B-15 on Sampling Road 
Materials (C. E. Proudley, chairman) is 
making a study of sampling bituminous 
mixtures, with a view to improvement 
in the requirements of Standard Methods 
D 979 - 51. 

Subcommittee B-16 on Setting Qualities 
of Bituminous Materials (A. B. Cornth- 
waite, chairman) has completed several 
extensive series of cooperative tests to 
develop a method to measure the curing 
properties of asphaltic cut-back ma- 
terials, and has planned further work 
on this difficult problem. 

Subcommitiee B-25 on Effect of Water 
on Compressed Bituminous Mixtures (C. 
A. Carpenter, chairman) plans to study 
the behavior of mixtures containing 
porous aggregates, some of which have 
shown an increase in strength after 
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immersion in tests by Tentative Method 
of Test for Effect of Water on-Cohesion 
of Compacted Bituminous Mixtures 
(D 1075 - 49 T). 

Subcommittee B-26 on Effect of Water 
on Bituminous Coated Aggregates (C. 
M. Hewett, chairman) has continued to 
investigate possible methods of evalu- 
ating the performance of bituminous 
coatings on aggregates in the presence of 
water. During the past year the appli- 
cation of a radioactive tracer technique 
to the measurement of “stripping” has 
been studied and has been shown to 
warrant further investigation. A photo- 
electric reflectance method for measur- 
ing the degree of “stripping” has also 
been tried, determining its limitations for 
use with varying types of aggregate. 

Subcommittee C-4 on Specifications for 
Emulsified Asphalts (F. H. Baumann, 
chairman) is considering the desirability 
of revision of the standard specifications 
for emulsified asphalt with a view to 
reduction in number of types and simpli- 
fication of the differentiation between 
types. 

Subcommittee C-12 on Specifications for 
Bituminous Surface Treatments (W. H. 
Mills, chairman) has prepared proposed 
specifications to cover aggregates for use 
in single and multiple surface treatments 
and also is formulating a recommended 
practice on use of materials in surface 
treatment. Both of these are to receive 
thorough study before a recommenda- 
tion is presented for their approval. 

Subcommittee D-3 on Expansion Joint 
Materials (D. O. Woolf, chairman) is 
critically reviewing the requirements of 
Tentative Specifications for Preformed 
Expansion Joint Fillers for Concrete, 
Nonextruding and Resilient Types 
(D 544-52 T), considering several sug- 
gestions for modification presented dur- 


ing the past year. A program of cooper- 
ative tests has been outlined to obtain 
data on some of the suggested changes. 


RESEARCH ACTIVITIES 


In annual reports for the past four 
years, Committee D-4 has included a 
general summary of the more important 
research activities of its subcommittees. 
While the investigations in progress have 
not resulted in recommendations in the 
1953 Annual Report for approval of 
additional tentative methods and speci- 
fications, continuing progress in de- 
velopment of new methods of testing is 
demonstrated in the preceding review of 
subcommittee activities. Of particular 
interest are the various investigations of 
methods for testing bituminous mix- 
tures and evaluating their probable 
performance under service conditions 
under way by Subcommittees B-2, B-25 
and B-26; applications of radioactive and 
photoelectric techniques to a difficult 
problem of measurement are exemplified 
in the studies conducted by Subcom- 
mittee B-26. The problems which Sub- 
committees B-12 and B-16 have under- 
taken should also be mentioned as among 
those which are especially difficult of so- 
lution, requiring new methods of ap- 
proach and extended research 


This report has been submitted to 
letter ballot of the committee, which 
consists of 143 members; 109 members 
returned their ballots, of whom 104 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. A. CARPENTER, 
Chairman. 
B. A. ANDERTON, 


4 
2 

Secretar 
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Eprror1AL Note 


Subsequent to the Annual Meeting, Committee D-4 presented to the Society 
of through the Administrative Committee on Standards the following recommenda- 
tions: 


Tentative Revision of: 

Standard Definition of Terms Relating to Materials for Road and Pave- 
ments (D 8 - 52), 

Standard Method of Test for Distillation of Tars and Tar Products (D 20 
- 52), and 

Standard Method of Test for Distillation of Cut-Back Asphaltic Products 
(D 402 — 49). 


These recommendations were accepted by the Standards Committee on Sep- 
tember 9, 1953, and the tentative revisions appear in the 1953 sername to Book 
of ASTM Standards, Part 3. 
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Committee D-5 on Coal and Coke held 
meetings in Atlantic City, N. J., on 
June 25, 1952; and in Detroit, Mich., 
on March 2, 1953. The Advisory Sub- 
committee held meetings in Chicago, 
Ill., on September 5, 1952; and in De- 
troit, Mich., on March 2, 1953. 

During the year five members were 
added to the committee, five members 
resigned, and two members died, re- 
sulting in a total membership of 63, of 
whom 19 are classified as consumers, 18 
as producers, and 26 as general interest 
members. For voting purposes, the 19 
consumer members have 18 votes, the 
18 producer members have 17 votes, and 
the 26 general interest members have 
24 votes, resulting in a total voting 
membership of 59. 

At the Detroit meeting, Committee 
D-5 decided to participate actively in 
the work of the International Organiza- 
tion for Standardization (ISO) Technical 
Committee 27 on Solid Mineral Fuels, 
and a subcommittee is being formed to 
implement such participation. 

R. F. Abernethy, chairman of Sec- 
tion A, Subcommittee XXI on Methods 
of Analysis, attended a meeting of 
ISO/TC 27 Working Group on Volatile 
Matter Determination during the week 
of April 13, 1953, at the Fuel Research 
Station, London, England. At this meet- 
ing representatives of the participating 
countries demonstrated their national 
methods of volatile matter determina- 


tion with apparatus brought from their - 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
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own countries. Mr. Abernethy con- 
tributed, for comparative testing, several : 
samples of American coals. 

W. M. Bertholf, chairman of the : 
Mechanical Sampling Section of Sub- 
committee XIII on Coal Sampling, has : 
prepared a paper on current ASTM work 
on coal sampling for presentation at the 
next ISO/TC 27 committee meeting to 
be held October 5 to 9, 1953, at the 
British Standards Institution, London, 
England. 

W. A. Selvig, Committee D-5 Liaison 
Officer to ISO/TC 27 and the Working 
Party on Classification, Coal Commit- 
tee, Economic Commission for Europe, 
attended a meeting of the Classifica- 
tion Working Party in Geneva, Switzer- 
land, on July 22 and 23, 1952. 


ADOPTION OF TENTATIVE AS STANDARD — 


Committee D-5 recommends that the 
Tentative Method of Sampling and 
Analysis of Coal for Volatile Matter 
Determination in Connection with 
Smoke Ordinances (D980-48T)! be 
approved for reference to letter ballot 
ot the Society for adoption as standard. 
This recommendation has been sub- 
mitted to letter ballot of the committee; 
57 members returned their ballots, of 
whom 34 consumer and general interest 
members voted affirmatively; 16 pro- 
ducer members voted affirmatively; one 
consumer member voted negatively; — 
and five consumer and general interest 
members and one producer member re- 


ported “‘not voting.” 


11952 Book of ASTM Standards, Part 5. 


mee 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman) has agreed to 
postpone the projected Symposium on 
Coal Sampling from June, 1953, to the 
ASTM Annual Meeting in June, 1954. 
This decision was reached because of 
the need for more time to complete 
experiments and the writing of several 
papers. During the year the subcom- 
mittee also approved by letter ballot the 
recommendation that Tentative Method 
of Sampling and Analysis of Coal for 
Volatile Matter Determination in Con- 
nection with Smoke Ordinances (D 980- 
48 T) be adopted as standard. 

Subcommitiee XV on Plasticity and 


_ Swelling of Coal (C. C. Russell, chair- 


man) is resubmitting to letter ballot 
the proposed revision of the Standard 
Method of Test for Free Swelling Index 
of Coal (D 720-46), which would permit 
measurement of odd-shaped buttons by 
an equivalent area method. The sub- 
committee is also continuing its inves- 
tigations of the Gieseler plastometer, and 
agreed to undertake a new assignment to 
study the Gray-King and Arnu labora- 
tory coking tests in connection with 
their use for classifying coals by rank. 

Subcommittee XVIII on Classifica- 
tion of Coals (H. J. Rose, chairman) has 
agreed to undertake a new assignment to 
study a proposed international scheme 
for classification of coals by rank, which 
method is advocated by the ECE Work- 
ing Party on Classification. The sub- 
committee requested the aid of Sub- 
committee XV on Plasticity and 
Swelling of Coal to evaluate small-scale 
laboratory coking tests, such as the 
Gray-King and Arnu dilatometer tests. 

Subcommittee XX on Sampling and 
Fineness Test of Pulverized Coal (J. 
B. Romer, chairman) was assigned the 
task of studying the ASME Power Code 
procedure and reporting its suitability 
for an ASTM method. 
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Subcommittee XXI on Methods of 
Analysis (O. W. Rees, chairman).— 
Section A of the subcommittee, which 
has been assigned the Proximate Analy- 
sis, has been working on a method for 
determination of inherent moisture based 
on an equilibration procedure in line 
with the following definition prepared 
by Subcommittee II on Nomenclature 
and Definitions: “Inherent moisture of 
coal is the moisture content retained 
after removal of extraneous moisture by 
equilibration at 30 C and 97 per cent 
humidity.” Section A has also been work- 
ing actively on the procedure for vola- 
tile matter determination, and has de- 
cided that the present modified procedure 
may need revision. 

Section B on Ultimate Analysis has 
completed the seventh proposed revision 
of procedures for carbon and hydrogen 
determinations, and hopes to recommend 
these methods as standard to Subcom- 
mittee XXI at the Atlantic City meeting 
in June, 1953. Revisions of the procedures 
for oxygen and nitrogen determinations 
are being considered, and the nitrogen 
method is well along toward completion. 

Section C on Miscellaneous Analysis 
has undertaken the study of the fusibil- 
ity of ash determination as its first task. 

Subcommittee XXII on Physical Tests 
of Coke (B. P. Mulcahy, chairman) has 
been assigned the task of reviewing com- 
pletely all ASTM coke test procedures; 
and the report of the Coke Evaluation 
Project, sponsored by the American 
Iron and Steel Institute and the Amer- 
ican Coke and Coal Chemicals Institute, 
is being used as a foundation for its 
deliberations. This report has been 
supplemented by a questionnaire to 
summarize the opinions of the subcom- 
mittee regarding present ASTM tests 
on coke. In addition, several coke plants 
have agreed to collect data on a coke 
evaluation test program covering a year’s 
operation. A section was appointed to 
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study multiple correlation procedures 
to attempt to calculate weight. per cubic 
foot from the screen test and apparent 
specific gravity. 

Subcommittee XI on Coal Friability 
and Subcommittee XVII on Significance 
of Tests of Coal and Coke were dis- 
charged. 


This report has been submitted to 
letter ballot of the committee, which 


consists of 59 voting members; 51 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. W. ANDERSON, 
Chairman. 
O. P. Bryscu, 
Secretary. 


REPORT OF COMMITTEE D-6 


ON 


PAPER AND PAPER PRODUCTS* 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 25, 1952, and on February 
20, 1953, both in New York City. The 
Advisory and other subcommittees held 
meetings on the same dates. 

At the present time, Committee D-6 
consists of 87 members, of whom 73 
are voting members; 30 are classified as 
producers, 26 as consumers, and 31 as 
general interest members. 

In order to improve the operations of 
the committee and to expedite the work, 
the subcommittee structure is being 

eorganized. It is presently proposed to 

split up the existing Subcommittee I on 
_ Paper Testing Methods into three sub- 
committees. 

The committee has gone on record as 
favoring a symposium on Tension Testing 
of Nonmetallic Sheet Materials at the 
1954 Annual Meeting as a means towards 
correlating existing methods and de- 
veloping new methods. It is felt that 
there should be standardization of ten- 
sile testing methods by several of the 


technical committees. 


_ The committee recommends that the 
following method be accepted for pub- 


New TENTATIVE 


_ lication as tentative, as appended hereto:! 


Tentative Method of Test for: 

Dimensional Changes of Paper with Changes in 
Moisture Conditions. 
* Presented at the by * sixth Annual Meeting of the 


i ne 29-July 
accepted by the Society and 
ASTM Stand- 


a rs in - 1953 Supplement to B of 
ards, Part 7. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following three tentatives be approved 
without revision for reference to letter 
ballot of the Society for adoption as 
standard: 

Tentative Methods of Test for: 
Water Soluble Matter in Paper (D 1162 - 51 T)? 


Lint of Paper Towels (D 1163 - 51 T),? and 
Ring Crush of Paperboard (D 1164-51 T).? 


TENTATIVE REVISION OF STANDARD 


The committee recommends a tenta- 
tive revision of the Standard Method of 
Test for Moisture in Paper, Paperboard, 
and Paperboard and Fiberboard Con- 
tainers (D 644-44) in the form of the 
completely revised tentative method ap- 
pended hereto.* It is planned that this 
complete revision will replace the existing 
standard when it is adopted as standard. 

TENTATIVES CONTINUED 


WirTHOUT REVISION 


The committee recommends that the 
following six tentative methods which 
have stood for two years without re- 
vision be continued as tentative: 


Tentative Method of Test for: 


Puncture and Stiffness of Paperboard, Corru- 
gated and Solid Fiberboard (D 781 - 44 T), 
Analytical Filter Papers (D 981 - 51 T), 
Stretch of Paper and Paper Products under 
Tension (D 987 - 48 T), 
Water Vapor Permeability of Paper and Paper- 
board (D 988 - 51 T), 
Fiber Analysis of Paper and Paperboard 
(D 1030 - 49 T), and 
2 1952 Book of ASTM Standards, Part 7. 
3 The tentative some, & in the form of a new tenta- 


tive, was accepted by and appears +1 the 1953 
Supplement to Book of MST 
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Chloride Content of Paper and — Products 
(D 1161 - 51 T). 


The recommendations appearing in the 
report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (R. H. Lace, chairman) has been 
active in developing new methods of 
test, and has also continued its critical 
study of various methods of test for 
paper and paper products that have 
been adopted by other agencies such as 
the Technical Association of the Pulp 
and Paper Industry. The subcommittee 
prepared the new test method which is 
recommended for publication as tenta- 
tive. 

A tentative revision of the Standard 
Method of Test for Moisture in Paper, 
Paperboard, and Paperboard and Fiber- 
board Containers (D 644-44) is submit- 
ted with this report in the form of a com- 
pletely revised tentative method. 

Work is being done which may lead to 
proposed revisions in the Standard 
Method of Conditioning Paper and 
Paper Products for Testing (D 685 — 44), 
Bursting Strength of Paper (D 744 — 46), 
Wet Tensile Breaking Strength of Paper 
and Paper Products (D 829-48), Re- 
sistance of Paper to Passage of Air 
(D 726 — 48), Turpentine Test for Grease 
~~ 4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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Resistance of Paper (D 722-45), Sam- — 
pling Paper and Paper Products (D 585 - 
42), Basis Weight of Paper and Paper 
Products (D 646-5)), Tensile Breiking 
Strength of Paper and Paper Products 
(D 828 — 48), Mineral Filler and Mineral 
Coating of Paper (D 686 — 48), Wire and 
Felt Sides of Paper (D 725-45), and 
Fiber Analysis of Paper and Paperboard 
(D 1030 - 49 T). A possible modification 
of the method for stretch (D 987) to 
adapt it to creped paper is under study. 
The proposed method of test for 
Erasing Quality of Paper was published 
for information purposes in the October 
issue of the ASTM ButtetIn. 
Subcommittee IV on Container Board 
(W. B. Lincoln, Jr., chairman) devoted 


most of its efforts this year to extensive 
round-robin tests which will result in pro- 
posed revision of Method D 781-44 T. 


Studies in cooperation with Subcom- 
mittee I are being made which may 
result in proposed revision of the Stand- 
ard Method of Sampling Paper and 
Paper Products (D 585 — 42). 


This report has been submitted to 
letter ballot of the committee, which 7 


consists of 73 voting members; 46 mem- 
bers returned their ballots, of whom 43 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of ; 
the committee, 
W. R. WILLETs, 
Chairman. 


R. H. Carter, 
Secretary. 


= 


REPORT OF 


COMMITTEE D-7 
ON 


WOOD* 


Committee D-7 on Wood met in 
Chicago, Ill., on March 16-17, 1953. 
The following subcommittee meetings 
preceded the meeting of the main com- 
mittee: Subcommittee I on Specifications 
for Timber, Subcommittee VI on Tim- 
ber Preservatives, Subcommittee VII on 
Wood Poles and Cross Arms, Subcom- 
mittee VIII on Modified Wood and 
Wood-Base Materials, and Subcommit- 
tee XV on Structural Fiberboards. 

Nine applicants were elected to mem- 
bership on the committee during the 
year. 


New TENTATIVES 


The committee recommends that the 
following new specifications and methods 
of chemical analysis as appended hereto! 
be accepted for publication as tentatives: 


Tentative Specifications for: 

Copperized Chromated Zinc Chloride, 
Pentachlorophenol. 

Tentative Methods of: 


Chemical Analysis of Copperized Chromated 
Zinc Chloride, and 
Chemical Analysis of Pentachlorophenol. 


and 


ADOPTION OF TENTATIVE AS STANDARD 


The Committee recommends that the 
Tentative Methods of Test for Integrity 
of Glue Joints in Laminated Wood 
Products for Exterior Service (D 1101 - 
50 T)? be approved for reference to letter 

* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 

1 The new tentatives were accepted by the Society and 
oppene. = - 1953 Supplement to Book of ASTM Stand- 


" 2'1952 Book of ASTM Standards, Part 4. 
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ballot of the Society for adoption as 


standard. 


The committee recommends that the 
following revisions of the Tentative 
Specification for Round Timber Piles 
(D25-52T)? be approved and that 
the specification be continued as tenta- 
tive: 


REVISION OF TENTATIVE 


Section 4 (a).—Fourth sentence, add “South- 
ern pine” at the beginning of the sentence, 
preceding “Piles.” 

Section 6.—Change heading from “Circum- 
ference” to “Circumferences and Diameters.” 
Renumber this section as Paragraph (a) and add 
a new Paragraph (6) to read as follows: “(b) 
The ratio of the maximum to the minimum 
diameter at the butt of any pile shall not exceed 
2” 

Section 9 (b).—Revise to read as follows: “‘(b) 
All knots and limbs shall be trimmed or smoothly 
cut flush with the surface of the pile, except that 
knots may be hand-trimmed flush with the sur- 
face of the swell surrounding the knot.” 

9.—Delete. 

Section 10 (a).—Revise to read as follows: 
“(a) Piles are classified according to the extent 
of bark removal as clean-peeled, rough-peeled, or 
unpeeled.” 

Nore 10.—Delete. 

Section 10 (b).—Revise to read as follows: 
“(b) Clean-peeled piles require the removal of 
all outer bark. In addition, at least 80 per cent 
of the inner bark, well distributed over the sur- 
face of the pile, shall be removed. For proper 
preservative treatment, no strips of inner bark 
wider than # in. shall remain.” 

Table I.—Change minimum diameters 3 ft 
from butt, Class A piles, Douglas-fir, etc., under 
40 ft, oak, etc. under 30 ft, cedar under 30 ft, 
from 13 in. to 14 in. Change corresponding 
circumferences from 41 in. to 44 in. 


= 


or UW 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the follow- 
ing two standards, as appended hereto,* 
and accordingly requests the necessary 
nine-tenths affirmative vote at the An- 
nual Meeting in order that these recom- 
mendations may be referred to letter 
ballotof the Society: | 


Standard Specifications for: 
Creosote (D 390 - 49), and — 
Creosote-Coal Tar Solution (D 391 — 50). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives? be continued in 
their present status without revision 
pending further study: 


Tentative Methods of Test for: 


Ash in Wood (D 1102 - 50 T), 

Alpha Cellulose in Cellulosic Materials (D 1103 - 
50 T), 

Holocellulose in Wood (D 1104-50 T), 

Preparation of Extractive-free Wood (D 1105 - 
50T), 

Lignin in Wood (D 1106 - 50 T), 

Alcohol-benzene Solubility of Wood (D 1107 - 
50 T), 

Ether Solubility of Wood (D 1108-50 T), 

One Per cent Caustic Soda Solubility of Wood 
(D 1109-50 T), 

Water Solubility of Wood (D 1110-50 T), and 

Methoxyl Groups in Wood and Related Ma- 
terials (D 1165 - 51 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for 
Timber (Lyman W. Wood, chairman) 
has given further thought and discussion 


3 The revised specifications were accepted by the So- 
ciety and appear in the 1953 Supplement to Book of 
ASTM Standards, Part 4. i 

4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters, 


| On Woop 


to the Tentative Specification for Round 
Timber Piles (D 25-52 T), recommend- 
ing it for continuance as a tentative 
revised in accordance with agreements 
reached. The committee is giving further 
study to the subject of working stresses 
and stress grades of lumber in connec- 
tion with the contemplated revision of 
Tentative Methods for Establishing 
Structural Grades of Lumber (D 245 - 
49 T). 

Subcommittee II on Laminated Timber 
(F. J. Hanrahan, chairman) has en- 
countered no developments significant 
enough to justify revision or changes in 
the Tentative Method of Test for In- 
tegrity of Glue Joints in Laminated 
Wood Products for Exterior Service 
(D 1101-50T). It is recommended for 
adoption as standard as noted earlier 
in this report. 

Subcommitiee VI on Timber Preserva- 
tives (R. H. Bescher, chairman).—Two 
existing standard specifications, Creo- 
sote (D 390 - 49), and Creosote-Coal Tar 
Solution (D 391-50), have been reviewed 
and with slight modifications are recom- 
mended for immediate adoption as 
standard without reversion to tentative. 
In addition the subcommittee has de- 
veloped four new tentatives for Cop- 
perized Chromated Zinc Chloride and 
Pentachlorophenol. These are recom- 
mended for publication as noted earlier 
in this report. During the year a sectional 
group was established to study soluble 
material in creosote other than benzol 
soluble material. 

Subcommittee VII on Wood Poles and 
Cross Arms (R. P. A. Johnson, chair- 
man).—The proposal to study working 
stresses for wood poles, which will in- 
volve considerable testing of full-sized 
poles, has been given thought and study 
by the subcommittee. Costs and possible 
savings have been analyzed and four 
regional working groups have been se- 
lected to raise funds which will total 
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$150,000. Reports are expected from the 
working groups by July 1, 1953. 

Subcommittee VIII on Modified Wood 
and Wood-Base Material (W. G. Young- 
quist, chairman).—A tentative draft of a 
specification for compreg, a resin-im- 
pregnated compressed wood, was pre- 
pared and discussed. The draft will be 
revised in the light of the discussion and 
reviewed by subcommittee members. 

Subcommitiee IX on Methods of Testing 
(L. J. Markwardt, chairman).—No re- 
visions of present tentatives and stand- 
ards are recommended. However, Com- 
mittee D-7 recommends that Standard 
Methods for Testing Small Clear Speci- 
mens of Timber (D 143-52) be sub- 
mitted to the American Standards Assn. 
for consideration as an American Stand- 
ard. 

Subcommittee XII on Fire-Retardant 

W ood (W. H. Fulweiler, chairman).—Any 

further progress of this subcommittee 
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is largely contingent on developments in 
Committee E-5 on Fire Tests of Materials 
and Construction. 

Subcommitiee XV on Structural Fiber- 
boards (Wayne C. Lewis, chairman) was 
organized during the year and its mem- 
bership selected. The scope of the sub- 
committee was agreed upon and work 
will now get under way. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 81 voting members; 58 mem- 
bers returned their ballots, of whom 
56 voted affirmatively and 0 negatively. 


Respectfully submitted in behalf of the 
committee, 
L. J. MARKWARDT, 
Chairman. 
Sura, 
Secretary. 
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REPORT OF COMMITTEE D-8 
ON 


BITUMINOUS WATERPROOFING AND ROOFING MATERIALS* 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held 
two meetings during the year: one in 
New York, N. Y., June 25, 1952, the 
other in Detroit, Mich., March 4, 1953. 

The committee suffered loss through 
the death of J. S. Miller. He had been 
a member of the Society since 1903 and 
a member of Committee D-8 since 
1927. He served on a number of subcom- 
mittees and was chairman of Subcommit- 
tees III and X. From 1944 to 1950 Mr. 
Miller was chairman of Committee D-8. 

The committee also suffered loss 
through the resignation of J. S. Crandell. 

The membership consists of 75 voting 
members, composed of 46 producers, 12 
consumers, and 17 general interest 
members. 

All of the standards and tentatives 
for which Committee D-8 is responsible 
have been reviewed, and recommenda- 
tions concerning them are set forth in 
this report. 


REVISION OF TENTATIVE 


The Committee recommends that the 
Tentative Specifications for Asphalt Roof- 
ing Surfaced with Mineral Granules 
(D 249-50 T)! be revised as indicated 
and continued as tentative: 

Title —Change to read “Asphalt Roll 
Roofing Surfaced with Mineral Gran- 
ules.” 

Delete all reference to “32-in. roofing.” 

Section 6 (b), line 4—Change “bare 
lapping edge” to “selvage.” 

Section 10 (a), lines 3, 4, and 5.— 
Change “bare lapping edge” to “selvage.” 
Presented at the Annual Meeting of 


the Society, June 29-July 3, 
11952 Book of ASTM Standards, Part 3. 


Table I.—Physical Requirements of 
Asphalt Roofing: 

The change in weight basis from 108 
to 100 sq ft makes necessary a number of 
changes, the new values being indicated 
below. Other items remain the same: 


Max, lb | Min, 1b 

Weight of any 100 sq ft of roofing in 

— (granule surfaced 
went of dry felt per 100 10.0 
Weight of saturant 

per 100 sq ft® 16.0 
of ‘side coating per 

Weight” of mineral matter per 100 

sq ft passing No. 6 (3360-micron) 

and retained on No. 100 (149- 

18.5 


* The weight of saturant per 100 sq ft shall be not less 
than 1.6 times the weight of the dry felt. 


TENTATIVE REVISION OF STANDARDS 


The committee recommends the pub- 
lication of tentative revisions of the 
following two standards: 

Specifications for Asphalt Roofing Sur- 
faced with Powdered Talc or Mica 
(D 224 - 52):! 

Title—Change to read “Specifications 
for Asphalt Roll Roofing Surfaced with 
Powdered Talc or Mica.” 

Delete all reference to “32-in. roofing.” 

Section 6 (b).—Change to read “The 
coating shall be applied uniformly and 
in approximately equal thickness on 
both sides and up to the edges of the 
sheet. The weather side shall be sur- 
faced with talc or mica. The reverse 
side shall be surfaced with the same or 
other suitable materials to prevent the 


' roofing from sticking in the package.” 


Table I—Physical Requirements of 


Asphalt Roofing: 


| 
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The change in weight basis from 108 
to 100 sq ft makes necessary a number of 
changes, the new values being indicated 


below. Other items remain the same: 
65-lb Grade | 55-lb Grade 
Max | Min | Max | Min 
Weighs of any ft d 
ing in shy 55.6 46.3 
of dry elt per 100° sq 
ight of saturant is in 
) per 100 sq ft®, Ib...... 19.4 16.0 
Weight of coating 
mineral matter per 100 sq 
16.7 16.7 


* The weight of saturant per 100 sq ft shall be 1 not t less 
than 1.6 times the weight of the dry felt. 


Specifications for Wide Selvage Asphalt 
Roofing Surfaced with Mineral Granules 
(D 371-51)? 

Title—Change to read “Specifications 
for Wide Selvage Asphalt Roll Roofing 
Surfaced with Mineral Granules.” 

Delete all reference to “32-in. roofing.” 

Table I—Physical Requirements for 
Asphalt Cap Sheet: 

The change in weight basis from 108 
to 100 sq ft make necessary a number of 
changes, the new values being indicated 
below. Other items remain the same. 


45-lb Grade | 55-lb Grade 
Max | Min Max Min 
Weight of any 100 sq ft of roof- 
ing in shipment, lb......... 37.0 46.3 
Weight of dry felt per 100 sq 
Weight of saturant (soluble in 
CS) per 100 sq ft®, Ib...... 9.3 16.0 
Weight of side coat- 
ing per 100 sq ft*, ..+..| 32.4 | 14.8 | 32.4 | 14.8 
Weight of weather side mineral 
matter passing No. 6 (3360- 
micron) sieve and retained 
on No. 100 
sieve per 100 sq ft®, | 18.5 18.5 


b The weight of saturant per - 100 sq ft ‘shall be not less 
than 1.4 times the weight of the dry felt for the 45-lb 
grade, and 1.6 times the weight of the dry felt for the 
55-lb grade. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-8 recommends that the 
following tentatives, which have been 
published by the Society for two or 
more years, be continued without revi- 
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sion since they are being reviewed for 
possible revisions to be recommended 
before the next Annual Meeting: 


Tentative Methods of Testing Asphalt Roll 
Roofing, Cap Sheets, Shingles (D 228 - 48 T) 

Tentative Recommended Practice for Ac- 
celerated Weathering Test of Bituminous 
Material (D 529 - 39 T) 

Tentative Methods of Testing Asphalt 
Base Emulsions for Use as Protective Coatings 
for Built-Up Roofs (D 1167 - 51 T). 


EDITORIAL CHANGES 


The committee recommends editorial 
changes in the following standards: 

Specifications for Asphalt Shingles Sur- 
faced with Mineral Granules (D 225-51):! 

Table I.—Physical Requirements of 
Asphalt Shingles: 

The change in weight basis from 108 
to 100 sq ft makes necessary a number of 
changes, the new values being indicated 
below. Other items remain the same. 


Type I Type II Type! Ill 
Max]! Min Max | Min | Max Min 
Weight roofing per 
100 sq ft (individual 
package), Ib......... 76.9 87.0 80.1 
Weight of exposed a: 
per 100 sq ft, lb..... 76.9 87.0 100.0 
Weight of dry ‘felt per 
100 sq ft, lb.. 10.0 12.5 10.0 
Weight of saturant per 
17.5 21.9 17.5 
Weight of weather side 
coating per 100 sq 
32.4] 14.8] 42.6) 14.8] 55.6) 18.5 
Weight of 
matter r 1 sq 
ae No. 6 
(3360-micron) and 
retained on No. 100 
(149-micron) sieve, lb 18.5 18.5) 18.5 


weight of saturant per 100 sq sq ft shall be not 
than 1.75 times the weight of the dry felt. 


Specification for Asphalt for Use in 
Constructing Built-Up Roof Covering 
(D 312 - 44):! 

Table I.—On the last item reading 
“Coarse particles retained on No. 200 
(74-micron) sieve as percentage of matter 
insoluble in carbon disulphide, per cent. 
—Max 12,” the following footnote 
should be added: “This limit applies only 
on mineral stabilized or native asphalt.” 
In lines 16 and 21, the word “Filled” 
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shall be changed to read “Mineral Sta- 
bilized,” and in lines 17 and. 22 “Un- 
filled asphalt” shall be changed to read 
“Asphalt without Mineral Stabilizer.” 

Standard Methods of Sampling and 
Testing Felied and Woven Fabrics Satu- 
rated with Bituminous Substances for Use 
in Waterproofing and Roofing (D 146- 
47): 

Section 12 (a), lines 16, 17 and 18.— 
Change from “in which the clamps are 
attached to swivels free to move in any 
direction,” to read “the clamps shall 
have sufficient freedom of movement to 
permit alignment in one plane.” 

Standard Specifications for Asphalt- 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 226 — 47):! 

Section 9.—Change “‘Saturant in mois- 
ture-free felt, min, per cent by weight” 
to read “Weight of Saturant per 100 sq 
ft for the 15-lb type 7.3 Ib min and for 
the 30-lb type 15.00 lb min”, with a 
footnote following the table reading 
“Weight of Saturant per 100 sq ft shall 
be not less than 1.40 times the weight of 
the dry felt for the 15-lb type and 1.50 
times the weight of the dry felt for the 
30-lb type.” 

Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 227 - 47):! 

Section 8 —Change “‘Saturant in mois- 
ture-free felt” to read “Weight of 
saturant per 100 sq ft 7.3 lb, min” 
with a footnote following the table 
reading “Weight of saturant per 100 sq 
ft shall not be less than 1.40 times the 
weight of the dry felt.” 

Standard Specifications for Asphalt- 
Saturated Asbestos Felts for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (D 250 - 47)?! 

Section 9.—Change “Saturant in mois- 


ture-free felt, min, per cent by weight” . 


to read “Weight of saturant per 100 
sq ft for 15-lb type is 3.6 lb min, and 


for 30-lb type it is 8.8 lb min” with a 
footnote following the table reading 
“Weight of saturant per 100 sq ft shall 
not be less than 0.40 times the weight of 
dry felt for the 15-lb type and 0.50 
times the weight of the dry felt for the 
30-lb type.” 

Standard S pecifications for Asphalt- 
Saturated and Coated Asbestos Felis for 
Use in Constructing Built-Up Roofs 
(D 655 — 

Section 9—Change “‘Saturant in mois- 
ture-free felt, min, per cent by weight” to 
read “Weight of saturant per 100 sq ft for 
20-lb type is 3.40 lb min and for 50-lb type 
is 8.8 lb min,” with a footnote following 
the table reading “Weight of saturant per 
100 sq ft shall not be less than 0.4 times 
the weight of dry felt for the 20-lb type 
and 0.5 times the weight of the dry felt — 
for a 50-lb type.” 

A Proposed Method of Test for Con-— 
tact Compatibility of Bituminous Mate- 
rials is recommended for publication as 
information and comments, as appended 
hereto.? Data secured in a round-robin 


_ test utilizing the procedure are given in 


the Appendix in support of the method.’ | 


The recommendations appearing 
this report have been submitted to letter 
ballot of the committee; the results will 
be reported at the Annual Meeting.‘ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 66 members; 59 members 
have returned their ballots, of whom 56 
have voted affirmatively and 0 nega- 
tively. 
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Respectfully submitted in behalf of. 


the committee, 


H. R. SNOKE, 
Chairman. 
G. W. — 
2 See p. 411. 


3 See 
4 The ballot vote on these was 
favorable; the results of the vote are on record at ASTM 


Headquarters, 
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APPENDIX 
RESULTS OF TESTS FOR INCOMPATIBILITIES OF 


BITUMINOUS MATERIALS 


A cooperative test series employing the 
Proposed Method of Test for Contact Com- 
patibility of Bituminous Materials, appended 
hereto,! has been carried out among the 
members of Subcommittee XIV, utilizing 
six saturants and three coatings. The results 
of these tests, which are given in Table I, show 
that incompatibilities of less than 0.2 mm 


can be checked to +0.1 and from there to 
0.5 mm with +0.2 variation. Since it is 
normally desired that asphalts for the roof- 
ing industry be substantially wholly free 
from any incompatibility, the wider varia- 
tions at high values are seemingly irrelevant. 

Comments from any individual using this 


1 See p. 411. method will be appreciated. 


TABLE I.—RESULTS OF TESTS FOR INCOMPATABILITY OF BITUMINOUS MATERIALS. 
All Tests at 50 C (122 F) for 72 Hr. 


Lab. | Lab. | Lab. | Lab. | Lab. | Lab. | Lab. | Lab. | Lab. | Lab. | yy: 
Saturant | A | B | Cc D | E | F G H | I | J Min. | Max. | Average 
Coatinc C 
0.1 | 0.0 | Tr. | 0.1 | 01 | 0.2 | 0.0/0.2] 0.2] 00] 00 | 0.2 | 0.09 
eee ee! 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.0 0.00 
See 0.7 0.4 0.3 0.5 0.3 | 0.6 | 0.7 0.4 0.4 0.1 0.1 0.7 0.45 
Ml acnusaanie 0.2 0.1 0.3 0.3 | 0.2 0.2 0.3 | 0.4 | 0.3 | 0.2 | 0.1 | 0.4 0.25 
RRR 0.7 | 0.1 0.3 0.5 0.2 0.5 0.0 | 0.4 | 0.2 | 0.0; O.1 | 0.7 | 0.29 
0.1 | 0.0 | 0.0 | 0.0 | 0.0 0.1 | 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.02 
Coatinc D 
a 0.0 | 0.0 | Tr. | 0.1 | Tr. | 0.1 | 0.0 | 0.1 | 0.1 | 0.0 | 0.0 | 0.1 0.04 
aa 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.0 0.00 
ee 0.5 | 0.0 | 0.3 0.2 | 0.2 | 0.4 | 0.3 | 0.3 0.4 0.5 0.0 0.5 0.31 
| ee 0.2 0.0 0.1 0.0 | 0.1 0.2 | 0.2 | 0.2 0.2 | 0.0 } 0.0 0.2 0.12 
MP saecekecd 0.1 0.0 0.2 0.2 | 0.1 0.2 0.2 | 0.2 | 0.2 0.0 0.0 0.2 0.14 
MD Naina 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.1 | 0.0 | 0.0 | 0.0 0.0 | 0.0 0.1 | 0.01 
Coatinc E 
Sidkeaaswerd 1.0 | 0.6 0.7 0.7 0.7 0.8 1.0 | 0.7 0.7 0.4 0.6 1.0 0.73 
| eee 0.0 | 0.0 0.0 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.00 
Rea 1.2 | 0.8 S| 1.0 1.0 1.0 1.0 0.9 1.0 1.0 0.8 1.2 1.01 
/. ae 1.0 | 0.5 0.9 | 0.6 | 0.8 | 0.6 1.0 | 0.8 0.7 0.5 0.5 1.0 0.74 
er 0.7 0.7 0.8 | 0.6 1.0 1.0 | 0.9 0.6 | 0.8 0.5 0.6 1.0 0.76 
eee 0.2 | 0.3 0.2 0.0 | 0.1 0.1 0.4 0.2 0.3 0.1 0.0 0.3 | 0.19 
AVERAGES OF INCOMPATIBILITIES REARRANGED IN ASCENDING ORDER. 
| 
Coating Saturation Average Min. Max. | 
a 32 0.00 0.0 0.0 | 0.00 
ey 32 | 0.00 0.0 0.0 | 0.00 
32 0.00 0.0 0.0 0.00 
eae 36 0.01 0.0 0.1 } 0.03 
36 | 0.02 0.0 0.1 | 0.04 
eres 31 0.04 0.0 0.1 | 0.05 
ey 31 0.09 0.0 0.2 | 0.09 
D 34 0.12 0.0 0.2 | 0.09 
D 35 0.14 0.0 0.2 0.08 
ee 36 0.19 0.0 0.4 0.11 
c.. 34 0.25 0.0 0.3 | 0.08 
=e 35 0.29 0.0 0.7 | 0.22 
D 33 0.31 0.0 0.5 | 0.14 
©... 33 0.45 0.1 0.7 0.17 
E 31 | 0.73 0.4 1.0 0.17 
E.. 34 0.74 0.5 1.0 0.18 
E.. 35 0.76 0.5 1.0 j 0.16 
E.. 33 1.01 | 0.8 1.2 | 0.11 
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_ PROPOSED METHOD OF TEST FOR CONTACT COMPATIBILITY 
OF BITUMINOUS MATERIALS! ? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. This method of test provides a 
means for evaluating contact compati- 
bility between bituminous materials. 
It is generally used to determine com- 
patibility between the saturant and 
coating used in the manufacture of 
prepared roofings. In the following de- 
scription of the method, coating and 
saturant will be referred to, but jit is 
understood that comparable bituminous 
materials may be substituted where this 
test procedure seems applicable. 


Outline of Method 


2. A small drop of molten saturant is 
placed on the freshly talced surface of 
the coating, and compatibility is judged 
by the degree to which an oily ring de- 
velops in the talc surrounding the drop. 


Apparatus 


3. (a) Container, lid of 3-oz ointment 
box, or equivalent container. 

(b) Analytical Balance having an ac- 
curacy of +1.0 mg. 

(c) Sieve, No. 325 (44 micron).? 

(d) Dropping Device, a fine wire, 
1.0 mm (0.04 in.) in diameter. 

(e) Oven, constant-temperature, cap- 
able of maintaining the test temperature 
within +1.0 C (+1.8 F). 


1 This proposed method is under the jurisdiction of 
ASTM Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

? Published as information, June, 1953. 

* Detailed requirements for these sieves are 
the Standard Specifications for Sieves for Testi 
(i STM Designation: E 11), 1952 Book of ASTM sens om, 

Part 3. 


(f) Small Scale, graduated in 0.5-mm 
divisions. 

(g) Magnifying Glass, approximately 

x. 


(kh) Talc, pure, of the soapstone va- 
riety, ground so that at least 70 per cent 


passes the No. 325 sieve,’ and oven-dried — 


at 110 C. 


Note.—When this procedure is being used in 
purchase specifications, both the purchaser and 
the seller shall use the same talc. 


Procedure 


4, (a) Melt a portion of the coating 
at the minimum temperature required to 
render it fluid, stirring with the fine wire 
to eliminate bubbles, and pour it into the 
clean 3-oz tin lid to a thickness of 3.0 
to 6.0 mm. Pour carefully, so as to pro- 
vide a substantially smooth surface 
free of bubbles and other surface blem- 
ishes. After the coating material has 
cooled, determine the weight and sur- 
face area of the filled container. 

(b) Make a preliminary dusting of 
talc by covering the coating surface with 
talc and removing the excess, nonad- 
herent dust by inverting the container 
and dropping it approximately 2.5 cm 
onto the table top. 

(c) Make a final application of talc 
through the No. 325 sieve, held 2.0 to 
2.5 cm above the surface of the coating, 
by gently shaking or tapping the sieve 
until a smooth, uniform film of talc, 


- weighing 0.004 g +10 per cent per square 


centimeter, has been applied. 


| 
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(d) Place three drops of molten satu- 
rant, each about 3.0 +0.5 mm in di- 
ameter, on the talced surface of the coat- 
ing. Form the drops by plunging the 
wire into the molten saturant and, after 
the excess has drained off, allowing suit- 
ably sized drops to fall on the talc from 
a sufficient height to form substantially 
spherical drops. 

(e) Place the prepared specimen in 
the test oven, so regulated as to maintain 
the specimen at the recommended test 
temperature, within +1.0C (+1.8F), 
for 72 hr (Note). After cooling, examine 
the specimen and measure any oily ring 


Test FOR CoNTACT COMPATIBILITY OF BITUMINOUS MATERIALS 


formed around the periphery of the drop, 
recording its width to the nearest 0.1 mm. 
Measure the width from the line of con- 
tact of talc and drop to the outer limit 
of the oil ring. 


Note.—The recommended test temperature 
for roofing materiais is 50C (122 F), but this 
may be altered to accommodate variations in the 
bitumens being tested. 


Report 


5. Report the results of the compati- 
bility test as the width in millimeters of 
the ring developed at the specified test 
temperature. 


5 

a= 
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Committee D-9 on Electrical Insulat- 
ing Materials held three meetings during 
the year: in New York City, June, 1952, 
held in connection with the Annual 
Meeting of the Society; in Boston, Mass., 
on October 29 to 31, 1952; and at Pocono 
Manor, Pa., on March 24 to 27, 1953. 

At these meetings action was taken 
on several new methods, new recom- 
mended practices, revision of existing 
tentatives, and changes in some of the 
standards under the jurisdiction of 
Committee D-9. Also, progress was made 
on other projects under study by the 
various subcommittees, as mentioned 
later in the report. 

At its meeting on October 30, 1952, 
Committee D-9 unanimously elected W. 
A. Evans as Honorary Member of the 
committee in appreciation of his long- 
term service and many contributions 
to the committee’s work. 


RECOMMENDATIONS ACCEPTED BY 
THE ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-9 presented to the 
Society, through the Administrative 
Committee on Standards, the following 
recommendations: 


Revision of Tentative Methods of: 

Testing Varnishes Used for Electrical Insula- 
tion (D 115 - 52a T), 

Testing Non-Rigid Polyvinyl Tubing (D 876 - 
51 T), 

Revision of Tentative Specifications for: 

Phenolic Molding Compound (D 700-49 T), 
(Submitted Jointly with Committee D-20 
on Plastics), and 

Non-Rigid Polyvinyl Tubing (D 922 - 47 T). 


*Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
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These recommendations were accepted _ 
by the Administrative Committee on 
Standards on December 12, 1952, and 
the revised tentatives appear in the 
1952 Book of ASTM Standards, Part 6. 


New TENTATIVE 


Committee D-9 recommends that the 
proposed Tentative Method of Test for 
Corrosive Sulfur in Electrical Insulating 
Oils, as appended hereto,! be accepted | 
for publication as tentative. This method | 
covers a procedure for determining 
sulfur and corrosive sulfur in oils used 
in transformers, switch gears, circuit 
breakers, and other electrical insulation. 


REVISION OF TENTATIVES 


Tentative Methods of Testing Pressure- 
Sensitive Adhesive Tapes Used for Electri- 
cal Insulation (D 1000-48 T).2—The com- 
mittee recommends the following revision 
of these methods: 

Section 1 (a).—Insert the word 
“coated” between the words “adhesive” 
and “tapes.” 

Section 4 (b).—Change the condition- 
ing temperature from “77 F” to “73.4 F 
(23 C)” to conform to the temperature 
of standard laboratory atmosphere. 

Section 19—In Paragraph (a), revise 
the second sentence to read “The ma- 
chine shall have one stationary head 
and one movable head and shall be 
equipped with a tension weighing device 
graduated and accurate to 0.1 lb or less 
(preferable 0.05 lb or less) per scale 
division.” 

1 The new tentative was accepted by the Society and 

in the 1953 Supplement to Book of ASTM Stand- 

2 1957 Book of ASTM Standards, Part 6. 
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Revise Paragraph (5) to read as 
follows: 


(b) Steel St,ip.—Cold-rolled stainless steel 
strip type 302 shall be used as prescribed in the 
Standard Specifications for Corrosive-Resisting 
Chromium-Nickel Steel, Plate, Sheet, and Strip 
(ASTM Designation: A 167). The stainless steel 
strip shall be 7s in. thick by 2 in. wide by a 
minimum length of 5 in., finished with a No. 150 
grit belt as standardized by the stainless steel 
industry.* 


In Paragraph (c) replace Fig. 1, which 
shows the roller for the adhesion strength 
test, by the accompanying Fig. 1, which 


Fis. 1.—Suggested Construction of Roller 
for Adhesion Strength Test. 


is a new design that eliminates the effect 
of pressure on the handle. 

Revise the second sentence to read 
“The weight of the roller proper which 
applies pressure to the specimen shall 
be 4.5 + 0.1 lb. It shall be constructed 
so that the weight of the handle is not 
added to the weight of the roller during 
use.” 

Section 26.—Delete Footnote 6 and 
the reference to this footnote in the 
heading preceding this section. 

Section 28 (c).—Change the condition- 
~~ A steel st rip that has been found satisfactory for this 


rpose can be purchased from the United States Steel 
‘orp. 
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ing temperature from “25 + 1 C” to 
“23 + 1.1 C” to conform to the temper- 
ature of the standard laboratory atmos- 
phere, and add “relative” before “hu- 
midity.” 

Add another paragraph to the Note 
at the end of the section, as follows: “It 
is advisable to lag the test chamber with 
thermal insulation in order to minimize 
internal temperature fluctuations caused 
by temperature changes and/or drafts 
in the surrounding air.” 

Appendix.—Delete Appendix I on 
“Tensile Strength Method for Determin- 
ing Electrolytic Corrosion.” 

Tentative Specifications for Natural 
Muscovite Mica Based on Visual Quality 
(D351 - 52 T).2—The committee recom- 
“ment the following revisions of these 
specifications: 

Section 1.—Master reference standards 
i) waviness for use in the visual grading 


of mica have now been selected. It is 


accordingly recommended that Note 3 
in Section 1 be revised to read as follows: 


Note 3.—In order to clarify the verbal 
descriptions of visual quality of natural mus- 
covite mica, a set of Master Standards of 
Waviness,* representing the full range of wave 

_ variations for visual quality levels of Good 
_ Stained and better has been selected. 


Section 4—Make the following 
changes in the terminology and defini- 
tions: 


Delete the term “Processed Mica” and sub- 
stitute in its place “Unmanufactured Mica.” 

Delete the term “Strip” and the entire sen- 
tence that follows. 

Delete the term “Hairlines” and in its place 
substitute “Hairline Cracks.” Also delete the 
word “Surface” in the sentence following this 
term. 

In Note 3 under the term “Inclusion,” delete 
the word “reflected” and in its place substitute 
the word “transmitted.” 

In Note 2 under the term “Stains,” delete the 
word “reflected” and substitute the word 

® At the present time, the original set of Master Stand- 
ards of Waviness is the only one available and can be in- 


spected at ASTM Headquarters, 1916 Race St., Phila- 
Pelphia 3, Pa. 


Aj 
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“transmitted.” 

Add a new term “Crystallographic Discolora- 
tion” which shall follow the term “Stains.” Add 
the following definition: “Crystallographic Dis- 
coloration appears as bands of lighter or darker 
shades of the basic color of the block of mica. 
Such bands generally are parallel to the crystal- 
lographic faces of the crystal from which the 
block was separated.” 


Section 5(a).—Delete all of Paragraph 
(a) and substitute the following: 


For full trimmed mica—all mica blocks, thins 
and condenser films shall be fully trimmed to 
remove all cracks, holes, reeves and crossgrains 
according to the quality desired. Trimming 
should follow the natural contour of the mica. 
As far as possible, all marginal cracks should be 
removed by recutting. The total area of each 
piece for grade 4 and larger shall be not more 
than 1.54 times the area of the largest usable 
rectangle or rectangular yield of 65 per cent. For 
grades 5 and smaller the total area of each piece 
shall be not more than two times the area of the 
largest usable rectangle or rectangular yield of 
50 per cent. The usable area is the area of maxi- 
mum rectangle obtainable. If limitation as to the 
size, number and frequency of “V” cuts is de- 
sired, it shall be subject to agreement between 
the purchaser and the vendor. 


Table I.—Change the dimension of one 
side for Grade A-1 (Special) from 4 to 33. 

Section 9(a).—Add a new symbol hk 
under Table IT and have it appear at the 
head of column 1 next to the heading 
“Clear Uniform Basic Color".” 

Add the following description after h 
under the table: 


4 Crystallographic discoloration is permitted 
to a limited extent in V-4 Good Stained quality. 
It is not permitted in qualities higher than V-4 
Good Stained. In qualities below V-4 Good 
Stained it is permitted without limit. 


Add a new visual quality designation 
to the Table as follows: 


ASTM Visual Quality 
V-11 


Commercial Designation 


Densely Stained 


Table IT —Add an additional classifica- 
tion V-11, Densely Stained and provide 
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check marks under all columns except 
columns headed Black Stains (Mineral)? 
and Red Stains (Mineral)* under which 
place x marks. 


Appendix I.—Add the following Ver-— 
bal Description of Visual Quality: 


V-11. Densely Stained.—Soft and may contain : 


all heavy stains and inclusions and other defects, 
heavy waves, cracks and buckles. 


Appendix III.—Revise Table ME1- 
4.01—Classification of Muscovite Split- 
tings—to bring it in line with revision of 
Publication No. ME1—1952, Standards 
for Manufactured Electrical Mica, Na- 
tional Electrical Manufacturers Associa- 
tion. 


Tentative Methods of Sampling and 
Testing Untreated Paper Used for Elec- 
trical Insulation (D202 -52 T).2—The 
following four statements on significance 
of tests for tensile strength, tearing 
strength, ash, and dielectric Pai 
are recommended for inclusion in these 
methods, the statement to appear at the 
beginning of the respective test pro- 
cedure, with the present section numbers 
changed accordingly: 


TENSILE STRENGTH 

12. Definition—Tensile strength of paper 
used for electrical insulation is defined as the 
force required to rupture a test specimen of 
definite width and length, cut from either or 
each principal direction of the paper, condi- 
tioned and tested as prescribed. 

Tensile strength is customarily expressed as 
the force per unit width (for example, kg per 
1.5 cm or lb per 1 in.) 

If the thickness of the test specimen is 
measured, the Tensile Strength, as force per 
unit area, can be compared. 

13. (a) Significance —The results of the test 
are suitable: 

(1) For acceptance; product control; re- 

search; or referee testing, and 

(2) For measuring serviceability (suitability) 

of papers which in use are subjected to 
direct tensile stresses such as longitudinal 
pull on tapes, sheets, etc. 

(b) Tensile strength of paper is influenced by: 
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_ (2) The kind, quality, and treatment of the 
paper fibers, 

(2) The formation of the sheet on the paper 

making machine, and 

_ (3) The treatment of the sheet after forma- 
mation (machine wet pressing and cal- 
endering). 


TEARING STRENGTH 


16. Definition.—Tearing strength of paper 
used for electrical insulation is defined as the 
grams of force required to tear one thickness of 
paper as prescribed. 

17. (a) Significance.—The results of the test 
are suitable: 

(1) For acceptance; product control; re- 

search; or referee testing, and 

_ (2) For measuring serviceability (suitability) 
of papers which in use are subjected to 
tear strain. 

(6) Tearing strength of paper is influenced by: 

(1) The kind, quality, and treatment of the 

paper fibers, 

_ (2) The formation of the sheet on the paper 
making machine, and 

4 (3) The treatment of the sheet after forma- 
tion (coating, saturating, etc.)—(machine 
wet pressing and calendering). 


AsH 


36. Definition.—Ash is the solid residue re- 
maining after complete combustion of the paper 
under specified conditions. It is expressed as a 
percentage of the weight of the original speci- 
men, dried as specified. 

37. Significance.—The ash determination is a 
relatively simple and convenient way of detect- 
ing the presence of mineral filling, coating, or 
pigmenting materials in paper. Such materials 
are normally to be avoided in papers for elec- 
trical insulation. The procedure is suitable for 
control testing, research, and referee work. 


DIELECTRIC STRENGTH 


103. Definition—The dielectric strength of 
untreated paper is the voltage gradient, at which 
breakdown occurs when the paper is tested 
under the prescribed conditions. It is usually 
expressed in volts per mil and is obtained by 
dividing the puncture voltage by the thickness 
of the paper specimen tested. 

104. Significance.—For paper to be used in 
the untreated state, this test gives some indica- 
tion of the electrical service strength. For the 
paper to be subsequently treated, this test has 
value as a quality control test. It is also suitable 
for use as a specification test. 


The committee recommends that the 
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Bursting Strength Test be revised as 
follows, which provides for use of ASTM 
Method D 774 as Procedure A for papers 
bursting at not over 200 psi hydrostatic 
pressure and to designate the present 
test as revised as Procedure B for papers 
bursting at more than 200 psi. The re- 
vised bursting strength procedures are 
as follows: 


BURSTING STRENGTH 


19. Definition —Same as present Section 15. 
20. Significance.—Same as present Section 16. 


Procedure A for Papers Bursting at Not Over 200 
pst Hydrostatic Pressure 


21. Procedure.—The bursting strength shall 
be determined in accordance with Standard 
Method of Test for Bursting Strength of Paper 
(ASTM Designation: D 774), except that the 
material shall be sampled in accordance with 
Section 2 of these Methods D 202. 


Procedure B for Papers Bursting at More Than 
200 psi Hydrostatic Pressure 


22. Apparatus—The testing machine shall 
conform to the following requirements: 

(a) Clamps.—These shall be similar in all 
respects to those used on the machine specified 
in the Standard Method of Test for Bursting 
Strength of Paper (ASTM Designation: D 774). 

(6) Rubber Diaphram.—This shall be pure 
gum rubber, free from mineral loading material, 
and shall have the special shape and thickness 
measurements shown in Fig. 1 (the accompany- 
ing Fig. 2). 

(c) Motor.—The hydrostatic pressure applied 
to the underside of the rubber diaphragm until 
the test specimen bursts shall be generated by a 
motor-driven piston forcing a liquid (usually 
glycerine or hydraulic brake fluid) into the 
pressure chamber of the apparatus at the rate 
of 170 + 0.2 ml (about 10.4 cu in.) per min. 

(d) Pressure Reading Gages.—The maximum 
pressure reading gages with dials, preferably 5 
or more in. in diameter, shall indicate the burst- 
ing pressures in pounds per square inch with the 
folowing accuracy: 


Pressure, Accuracy, 
3.0 
6.0 
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Note. —The gages should be calibrated in a 
dead-weight tester. Where the gages are used 
more than once weekly, they should be cali- 
brated weekly. When used weekly or less often, 
the gages should have been calibrated within 
30 days of their use. 

23. Test Specimen—Same as present Sec- 
tion 18. 

24. Procedure.—Same as present Section 19. 

25. Report-—Same as present Section 20. 


a 


| Rad 


0.100" +0.005" 


Fic. 2.—Rubber Diaphragm for Bursting 
Strength of Condenser Paper. 


Tentative Specifications for Flexible 
Treated Cotton and Rayon Sleeving Used 
in Electrical Insulation (D 372 -47 T).? 
It is recommended that these specifica- 
tions be revised by changing the descrip- 
tions of the three classes of material A, 
B, and H, and the inclusion of a new 
Table I on identification of grades and 


summary of performance characteristics. 


The revised specifications are no longer 
restricted to use of only cotton and 
rayon; also the color requirements have 


interfacial tension (unfiltered). 
_ Tentative Methods of Testing Askarels 


been revised. The specifications revised — 
are appended hereto.’ 
Tentative Methods of Testing Electrical 
Insulating Oil (D 117 - 50 T).2 The com- 
mittee recommends the addition of a 
footnote under Section 16, in reference 
to the procedure for determining inter- 
facial tension, to read as follows: 


If desired for technical reasons or to xy 


& 


routine testing, preliminary filtering of the 
sample may be omitted. The results obtained 
on unfiltered samples shall be reported as 


(D 901 - 52 T).2—The committee recom- 
mends the inclusion in these methods of 
the statements appended hereto* on 
_ “definition” and “significance” of the 
following test procedures: Sampling, 
Specific Gravity, Viscosity, Fire Point, 
_ Arc-formed Gases, Refractive Index, 
- Power Factor and Dielectric Constant, 


_and Dielectric Strength. 
TENTATIVE REVISION OF STANDARD _ 
The committee recommends for pub- 
lication the following tentative revision 
of the Standards Methods of Testing 
Flexible Varnished Tubing Used for 
Electrical Insulation (D 350 - 48).? 
Section 1.—Change “varnished tubing 
and saturated sleeving” to “treated 
sleeving.” 
Note.—Revise the tentative revision‘ 


under Section 1, issued December, 1944, 
to read as follows: 


Norte.—The term “flexible treated sleeving” 
as used in these methods refers to a flexible 
tubular product made from braided cotton, 
rayon, nylon, glass, or other fibers and im- 
pregnated, or impregnated and coated with a 
film of varnish, lacquer, or other electrical 
insulating materials. 


Section 3.—Change the first sentence 
to read: ‘The test specimens for dielec- 


3 The revised specifications were accepted by the So- 
ciety and appear in the 1953 Supplement to Book of ASTM 
Standards, Part 6. 

#1952 Book of ASTM Standards, Part 6, p. 1082. 
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tric strength tests shall be conditioned 
for 96 hr in air maintained at a temper- 
ature of 23 + 1.1 C and at a relative 
humidity of 96 + 2 per cent.” 

Section 14 (a).—Revise the aging 
test procedure to read as follows: 

14. (a) The specimens shall be placed 
in a uniformly heated analytical-type 
electric oven in which the temperature 
is maintained at: 


Class AA-1, AA-2, AB-1, AB-2 Seas 
BA-1, BA-2, BB-1, BB-2)° ***\221#2 F 
20 + 5C 

Class HA-1, HB-1................. 


Two specimens shall be removed at the 
end of 24 hr and every 24 hr thereafter 
until failure occurs. After cooling to 
room temperature, each specimen shall 
slowly be bent 180 deg over a rod having 
a diameter in accordance with the follow- 
ing: 


Size of Tubing or Diameter of 
Sleeving Test Rod. in. 
4 


New Test.—Add the following new 
test procedures for ‘Resistance to Trans- 
former Oil” to appear as Sections 23 
to 25: 


23. Test Specimen.—Three specimens, 3 in. 
(7.6 cm) in length, sha! be cut from the samples 
obtained in accordance with Section 2. 

24. Procedure.—The specimens shall be im- 
mersed for 48 hr in transformer oil maintained 
at a temperature of 105 C. At the end of this 
time, the specimens shall be removed from the 
oil, and examined after removal of excessive oil. 

25. Examination.—The film shall be ex- 
amined for disintegration or swelling. 


The committee recommends that the 


following two tentative methods be ap- 

proved for reference to letter ballot of 

the Society for adoption as standard: 
Tentative Methods of Testing Varnished 


ADOPTION OF TENTATIVES AS 
STANDARD 
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Glass Fabrics and Varnished Glass Fabric 
Tapes Used for Electrical Insulation 
(D 902 - 52 T)? with the following changes 
which emphasize reference to similar pro- 
vision in Methods D 149 for Dielectric 
Strength: 

Change Section 28 to read: 

28. The report shall include the fol- 
lowing: 

(1) The test method used for deter- 

mining the dielectric strength, 

(2) The average, maximum and mini- 
mum dielectric breakdowns in volts 
for each test method, 

The average, maximum and mini- 
mum thicknesses of the sample as 
determined in Section 11, and 
The average dielectric strength in 
volts per mil obtained by dividing 
the average dielectric breakdown 
in (2) by the average thickness 
in (3). 

Section 31.—Add the following note at 
the end of this section: 


(3) 


(4) 


Nore.—Guarded foil electrodes as described 
in Section 13 of the Tentative Methods of Test 
for Power Factor and Dielectric Constant of 
Electrical Insulating Materials (ASTM Desig- 
nation: D 150) may be used for measurements 
at room temperatures. 


Tentative Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D618-51 T).2—These 
methods are submitted jointly with 
Committee D-20 on Plastics and are 
recommended for adoption as standard 
with the addition of the following sen- 
tence to Note 2 in Section 4: ‘Shorter 
conditioning times may be used for their 
specimens provided equilibrium is sub- 
stantially obtained.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends the con- 
tinuance of the following tentatives 
without change for an additional year, 
while work is in progress: 


- 
a 
i 
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Tentative Specifications for: 


Black Bias-Cut Varnished Cloth and Varnished 
Cloth Tape Used for Electrical Insulation, 
(D 373 - 51 T), 

Non-Rigid Vinyl Chloride Plastics (D 744- 
49 T), 

Tentative Methods of Test for: 

Saponification Number of Petroleum Products 
by Color-Indicator Titration (D 94 - 48 T), 
Power Factor and Dielectric Constant of Elec- 
trical Insulating Materials (D 150 - 47 T), 
Impact Resistance of Plastics and Electrical 

Insulating Materials (D 256 - 47 T), 

High-Voltage, Low-Current Arc-Resistance of 
Solid Electrical Insulating Materials (D 495 - 
48 T), 

Heat Distortion Temperature of Plastics 
(D 648 - 45 T), 

Power Factor and Dielectric Constant Parallel 
with Laminations of Laminated Sheet and 
Plate Insulating Materials (D 669 - 42 T), 

Sludge Formed in Mineral Transformer Oil 
(D 670 - 42 T), 

Glass-Bonded Mica Used as Electrical Insulation 
(D 1039 - 50 T), 

Hydrocarbon Waxes Used for Electrical nai 
tion (D 1168 - 51 T), and 


Tentative Practice for: 


Purchase of Uninhibited Mineral Oil for Use in 
Transformers and in Oil Circuit Breakers 
(D 1049 - 49 T). 


CONTINUATION OF TENTATIVE 
REVISION 


The committee recommends that the 
tentative revision of the Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (D 149 - 
44) be retained for an additional year, 
while work is in progress. 


EDITORIAL CHANGE 


The committee recommends that the 
Tentative Methods of Testing Vul- 
canized Fibre Used for Electrical Insula- 
tion (D619-52T) and the Specifica- 
tions for Vulcanized Fibre Sheets, Rods, 
and Tubes Used for Electrical Insula- 
tion (D710-52T) be editorially re- 
vised by adding the phrase “in varying 
degrees, depending upon the grade of 


fibre” at the end of the definition of Z 
vulcanized fibre. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the results 
of which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Insulating Var- — 
nishes, Paints, and Lacquers (A. H. 
Haroldson, chairman).—Sections A and 
B of this subcommittee cooperated in 
rewriting the Tentative Methods a 
Testing Varnishes Used for Electrical 
Insulation (D 115-52aT). Sections A. 
and B also cooperated in writing a defini- 
tion for electrical insulating varnishes, 
which was submitted to members of 
the subcommittee for comment. The 
comments received will be referred to 
Section K for further study. 

Section C members have developed a 


simple and inexpensive constant tem- 


perature wax bath. It has been planned 
to conduct round-robin tests on set time 
of laminating varnishes using the new 
bath. 

Section D has tentatively approved 
methods for the determination of specific 
gravity, viscosity, flash point, draining 
test, nonvolatile matter by weight, and 
dielectric strength of silicone varnishes. 
The methods will be rewritten and sub- 
mitted to Subcommittee I for approval. 
Round-robin tests will be conducted on 
heat stability and drying time of silicone 
varnishes. Heat stability tests will be 
conducted on varnishes covering a range 
of properties in order to determine 
whether the proposed method can be 
used to separate different varnishes. A 
new method for the determination of 
drying time has been developed and 
will be studied in the round-robin testing 
program. 


5 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 
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Section G has cooperated with other 
sections to rewrite a test method for 
heat flexibility and to develop a method 
for determination of heat stability of 
silicone varnishes. 

Section H has cooperated with other 
sections to rewrite the test for oil re- 
sistance and will cooperate in developing 
a method for determining the oil and 
chemical resistance of silicone varnishes. 

Section J has proposed a method that 
will more accurately evaluate the heat 
stability of electrical insulating varnishes 
than the present heat flexibility test 
in Methods D 115. The method is based 
on the determination of the minimum 
breakdown voltage caused by film rup- 
ture due to elongation of the film. 

Subcommittee III on Plates, Rods, 
Tubes, and Molded Materials (G. H. 
Mains, chairman).—In cooperation with 
Committee D-20 on Plastics, the Specifi- 
cations for Thermosetting Molding Com- 
pounds (D 700-52 T) were revised last 
year to bring definitions and property 
values for the various grades up to date. 
The Methods of Test and Specification 
for Non-Rigid Polyvinyl Tubing (D 876 
-52T and D 922-52 T) were also re- 
vised last year to add methods and 
property values on dielectric strength 
under humid conditions and on stress 
relief. An editorial revision of the defini- 
tion of vulcanized fibre in Method D 619 
and Specifications D 710 has been recom- 
mended by Subcommittee III to Com- 
mittee D-9 to conform with action of 
NEMA and ASA. The subcommittee 
has cooperated with the Electrical Sec- 
tion of the Federal Specifications Board 
in revising the former Federal Specifica- 
tion HH-256. The new Federal Specifica- 
tion, LL-31, on Thermosetting Lami- 
nated Sheets, Tubes, and Rods coincides 
closely with ASTM Specification D 709 - 
52 T. 

The subcommittee is conducting letter 
ballots on the addition of rubber-modi- 
fied phenolics to Specifications D 700, 
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and on the clarification of the note on 
ammonia content, also on the adoption 
as standard of the Tentative Method 
of Test for Heat Distortion Temper- 
ature of Plastics (D 648 - 45 T), ona pro- 
posed procedure for cleaning samples of 
molded and laminated plastics prior to 
insulation tests, and on the desirability 
of adding a new section to the sub- 
committee to study the electrical proper- 
ties of polyester molded and laminated 
products. 

Current activities of the various sec- 
tions include the following: Section G is 
studying the possibility of combining 
Methods D 551 and D 955 on measure- 
ment of mold shrinkage. Section J is 
reviewing the method of test and prop- 
erty values for dielectric strength of 
plastic tubing under humid conditions, 
to answer some criticism of the method; 
also round-robin tests on heat aging 
at 130 C, with a view to establishing a 
specification for high-temperature plastic 
tubing. Section Q is studying the re- 
vision of Methods D 229, D 348, and 
D 349 to conform with the lastest re- 
visions of Methods D 638 and D 695 
on tensile and compressive strength of 
plastics. 

Section R is conducting round-robin 
tests on dissipation factor parallel with 
the laminations; also studies are being 
made on improving dielectric strength 
test methods for step-by-step dielectric 
strength tests on laminates. Section V 
is cooperating with Committee D-11 on 
Rubber Products on resolving discrepan- 
cies in the Specification for Gaskets 
(D 1170-51 T) and the Methods and 
Specifications for Vulcanized Fibre 
(D 619-52 T and D710-52T). Also 
studies are being conducted on a new 
method for zinc chloride in vulcanized 
fibre. Section W is continuing active 
work on significance statements for 
Methods D 348 and D 349. 

Subcommittee IV on Liquid Insulation 
(F. M. Clark, chairman).—The activities 
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of this subcommittee have included a 
wide variety of investigations’ pertaining 
to liquid dielectric materials with especial 
reference to mineral oil. Prominent 
among these studies are those relating 
to sludge formation in mineral oil and 
its evaluation in the base oil and in the 
inhibited oil, the detection and test for 
corrosive free sulfur and corrosive com- 
bined sulfur, the establishment of a test- 
ing procedure suitable for determining 
the ameunt of dissolved or suspended 
water in dielectric liquids, and the deter- 
mination of the dielectric strength of 
viscous oils of petroleum origin. 

The study of sludging phenomena in 
uninhibited mineral transformer oils has 
been continued, using the two test pro- 
cedures described in Tentative Methods 
D 670 - 42 T, the oils tested being those 
taken from the transformers which have 
been in operation for as long as 10 or 
more years, as described in previous 
symposia publications on this subject. 
A critical survey of the efficiency of the 
two methods of test (sludge accumula- 
tion and high-pressure oxidation) is in 
progress. 

Initial studies are in progress which 
have the objective of establishing a 
method suitable for the evaluation of 
the sludging characteristics of inhibited 
transformer oils. 

Subcommittee IV has been represented 
in the activities of Technical Com- 
mittee No. 10 of the International Elec- 
trotechnical Commission. It is expected 
that Committee No. 10 will submit to 
Subcommittee IV within the next year 
a method for consideration as an inter- 
national testing standard for determin- 
ing the sludging characteristic of mineral 
transformer oil. 

Methods of test have been approved 
by Subcommittee IV for the detection 
and evaluation of the presence of com- 
bined but corrosive sulfur in mineral 
transformer oils. The method of test for 
the presence of free sulfur in transformer 


oil as revised by Subcommittee IV has — 
been approved by Committee D-9. ; 

Work has been continued on methods 
of test for evaluating the amount of dis- 
solved and suspended water in oil. A 
method of test based on the extraction 
procedure has been drawn up and its 
accuracy and repeatability established 
on the basis of cooperative testing. A 
second type of test based on electro- 
metric titration using the Karl Fischer 
reagent is still being investigated by the 
cooperating laboratories. It is expected 
that this investigation will be concluded 
during the next year. 

The Standard Method of Test for 
Dielectric Strength of Insulating Oil of 
Petroleum Origin (D 877 — 49) has been 
limited in its application to oils of less 
than about 150 sec Saybolt Universal at 
100 F. Oils of substantially higher vis- 
cosity (as for example oils with a vis- 
cosity of about 100 sec Saybolt Universal 
at 210 F) have been found to give widely 
erratic results with this testing pro- 
cedure. The development of a testing 
method suitable for determining the di- 
electric strength of such oils is in progress. 

During 1952 and 1953 other projects | 
were in progress, including a revision 
of the Tentative Recommended Practice 
for the Purchase of Uninhibited Mineral 
Oil for Use in Transformers and Oil 
Circuit Breakers (D 1040-49 T) and the 
Tentative Method of Test for Steam 
Emulsion of Lubricating Oils (D 157 - 
51 T). In addition, two new section ac- 
tivities have been initiated. Section C 
has been established for the study of 
methods suitable for the determination 
of metals which may be present in trace 
amounts in mineral oil. Section F has 
been established for the survey and 
study of tests for specific application to 
oils for electric cables. 

The symposium activities of Sub- 
committee IV have been continued dur- 
ing 1952 and 1953. A symposium on the 
subject “Reclaiming and Inhibiting of 
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Used Insulating Oil” was held in June, 
1952. Another general symposium is 
being planned to be held in the fall of 
1954. 

Subcommittee V on Ceramic Products 
(R. W. Orr, chairman) is reviewing the 
Standard Methods of Testing Electrical 
Porcelain (D 116 - 44) for moderization 
and improvement. Work has been started 
toward the standardization of test 
methods and materials for internal 
ceramic insulators in electron tubes. 

Subcommittee VI on Solid Filling and 
Treating Compound (W. R. Dohan, chair- 
man). Drafts of proposed revisions of 
the Standard Methods of Testing Solid 
Filling and Treating Compounds Used 
for Electrical Insulation (D 176-44) 
and of the Tentative Methods of Testing 
Hydrocarbon Waxes Used for Electrical 
Insulation (D 1168-51T) have been 
submitted to letter ballot of the sub- 
committee. 

Several sections are actively working 
on other projects as follows: Section E 
is preparing significance statements for 
Method D 176. Section F has made 
considerable progress on the preparation 
of methods of test for polymerizable em- 
bedding materials. These relatively new 
materials afford advantages over con- 
ventional materials used in the past, in 
heat resistance, shock resistance, and 
dielectric properties. In many cases the 
usual container may be dispensed with. 

Subcommiitee VII on Insulating Fabrics 
(R. W. Chadbourn, chairman) has pro- 
posed the Tentative Methods of Testing 
Varnished Glass Fabrics and Varnished 
Glass Fabric Tapes Used for Electrical 
Insulation (D 902-52 T) for adoption 
as standard and recommended its ap- 
proval as an American standard by the 
ASA. The Section on Glass Fabrics 
has begun work on specifications for 
silicone varnished glass fabrics. It has 


6 Issued as “Symposium on Insulating Oils—Fifth Se- 
ries,” issued as separate publication ASTM STP No. 152. 
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also undertaken to develop test methods 
for silicone-rubber-coated fabrics. 

Tentative Methods of Testing Var- 
nished Cloths and Varnished Cloth 
Tapes Used for Electrical Insulation 
(D 295 —- 52 T) were again reviewed dur- 
ing the year and a number of minor 
revisions made. A similar review of 
Tentative Specifications for Black Bias- 
Cut Varnished Cloth and Varnished 
Cloth Tape Used for Electrical Insula- 
tion (D 373-51T) has been begun. 
Particular attention is being given to the 
dielectric strength requirements. A study 
of the available data on dielectric 
strength under 6 per cent elongation has 
been under way for some time with a 
view to possible revisions of existing re- 
quirements to meet changed conditions. 
The Section on Varnished Cloth has 
completed a study of the effect of elec- 
trode size and shape on the determina- 
tion of power factor by the present 
method. It is also preparing specifications 
for oil for oil-packed tapes. 

The subcommittee has approved ex- 
tensive revisions in the Standard 
Methods of Testing Flexible Varnished 
Tubing Used for Electrical Insulation 
(D 350-48) and Tentative Specifica- 
tions for Flexible Treated Cotton and 
Rayon Sleeving Used in Electrical In- 
sulation (D 372-47). These contain 
a complete reclassification of the ma- 
terials involved, and enlargement of 
the scope of the specifications to include 
high-temperature or Class H insulations, 
as well as nylon and other materials not 
included now. 

Tentative Methods of Testing Pres- 
sure-Sensitive Adhesive Tapes Used 
for Electric Insulation (D 1000 —- 48 T) 
were reviewed during the year and a 
number of minor revisions are being 
recommended. Progress is under way 
on significance statements for these 
methods. The development of test 
methods for elastomeric pressure-sensi- 
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tive tapes is progressing rapidly. Pro- 
cedures for sampling, conditioning, and 
dielectric strength have been approved, 
and round-robin investigations are under 
way on several other test methods. 

Subcommittee VIII on Insulating Pa- 
pers (C. E. Peterson, chairman).—Revi- 
sions were made in 1952 in the Tentative 
Specifications for Absorbent Laminating 
Paper for Electrical Insulation (D 1080) 
and in the Tentative Methods of Sam- 
pling and Testing Untreated Papers Used 
for Electrical Insulation (D 202). Further 
revisions in Methods D 202 have been 
recommended for letter ballot by Com- 
mittee D-9 to add four significance state- 
ments and a revision of the test method 
for bursting strength. 

All sections have been active. Section 
A is developing test methods for chlo- 
rides, less than 50 ppm; acidity or alka- 
linity by potentiometric end point; and 
pH of unbuffered, neutral papers. Sec- 
tion B has completed a test method for 
dielectric strength of insulating papers 
and is currently engaged on a study of 
uniformity of absorbency of laminating 
papers of the type covered in Specifica- 
tions D 1080. Section C completed the 
bursting strength test over 200 psi and 
has under consideration a test method 
for stretch of creped insulating papers. 
Section E has completed a series of sig- 
nificance statements for existing tests in 
Methods D 202 and, in addition to con- 
tinuing this phase, is coordinating the 
work of this section with the current 
activities of their sections. Section F 
has completed specifications for insulat- 
ing paper-interlayer type for letter 
ballot by Subcommittee VIII. Present 
activity involves the drafting of specifi- 
cations for capacitor tissues. A task force 
will be set up for the study of an ac- 
celerated life test for capacitor tissues. 

Subcommittee IX on Mica Products 
(K. G. Coutlee, chairman).—Revision 
has been completed on Specifications 
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D 351, as presented earlier in this re- 
port. Work is in progress on the Standard | 
Methods of Testing Pasted Mica Used 
in Electrical Insulation (D 352-49). 
The subcommittee, in connection with 
its responsibilities for handling the | 
American contacts with Committee on 
Mica of the International Standards | 
Organization (ISO TC/45), has reviewed 
a number of documents received from 


- the Indian Standards Committee, which 


handles the Secretariat. Some of the 
suggestions received were approved, and 
a task group was selected to investigate 
some of the debated points. 

Round-robin tests are being continued 
on the new parellel-to-lamination test 
per Tentative Specifications for Natural 
Block Mica and Mica Films Suitable for 
Use in Fixed Mica-Dielectric Capacitors 
(D 748 - 52 T), Appendix I, Method B. 
Preliminary results indicate that the 
cross-checks are satisfactory. When com- 
pleted, it is hoped that these tests will 
verify and control the electrical quality 
of mica for capacitors. 

In a general discussion of the current 
mica situation and special applications, 
it was brought out that significantly dif- 
ferent performances of CL and SS ruby 
mica from different producing areas is 
evident at elevated temperatures, par- 
ticularly with respect to dielectric 
strength and insulation resistance, and 
suitable test methods for such uses are 
desired. 

Subcommittee XI on Significance of 
Test (J. H. Palmer, chairman).—Recom- 
mendations for the positioning of signifi- 
cance statements have been prepared 
and submitted to Committee D-9 for 
letter ballot. 

Subcommittee XII on Electrical Tests 
(G. M. L. Sommerman, chairman).— 
Section A on resistivity is studying addi- 
tional revisions of the Tentative Methods 
of Test for Electrical Resistance of In- 
sulating Materials (D 257 —- 52 T). Sec- 
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tion C on dielectric loss has made ex- 
tensive revisions to the Tentative 
_ Methods of Test for Power Factor and 
Dielectric Constant of Electrical Insulat- 
ing Materials (D 150-47T). A final 
draft will be distributed for subcom- 
mittee letter ballot. Section E on dielec- 
tric strength is revising the Standard 
Methods of Test for Dielectric Strength 
of Electrical Insulating Materials at 
Commercial Power Frequencies (D 149 — 
44). Section G on arc-resistance is pre- 
paring additions for the ‘Tentative 
Method of Test for High-Voltage, Low- 
Current Arc Resistance of Solid Electri- 
cal Insulating Materials (D 495 - 48 T), 
covering high-current arc tests. Section 
H on electrodes has prepared a draft of 
i a new tentative method on the measure- 
_ ment of dielectric properties of aviation 
fuels. This will be submitted to subcom- 
mittee letter ballot. 

A new section designated K has been 


‘ set up as a result of a request of Com- 
mittee D-9 to study and prepare test 


methods for high-temperature perform- 
ance of insulating materials. 
Subcommittee XIV on Conditioning 
(A. C. Webber, chairman).—This Joint 
D-9, D-20 subcommittee prepared the 
Tentative Specifications for Enclosures 
and Servicing Units for Tests Above 
and Below Room Temperature (D 1197 - 
52T), which replaced Specifications 
_D 760 and D 761 and is the first en- 
closure specification based entirely on 
; performance. Recent studies have shown 
it to be of real value to equipment pro- 
ducers, although further revisions are 
{ planned. 
_ Active study has been initiated on the 
problems of accurate humidity measure- 
ment, particularly in enclosures and at 
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high humidities. Satisfactory techniques 
and instrumentation for these measure- 
ments are not now available in ASTM 
methods. 

Tentative Methods of Conditioning 
of Plastics and Electrical Insulating Ma- 
terials for Testing (D 618-51T) and 
Tentative Recommended Practice for 
Maintaining Constant Relative Humid- 
ity by Means of Aqueous Solutions 
(D 1041-51) have been recommended 
to Sectional Committee C-59 for ap- 
proval as American Standards by the 
ASA. Methods D 618-51T are being 
recommended for adoption as standard 
as covered earlier in this report. 

Subcommittee on Symposia (L. B. 
Schofield, chairman).—A Panel Discus- 
sion on methods of measuring dielectric 
constant and dissipation factor was held 
on March 26, 1953, with I. G. Easton 
as chairman, and Subcommittee XII as 
the sponsor. 

The following new subcommittee 
chairmen have been appointed for their 
first term: O. E. Anderson—Subcommit- 
tee III; M. Guarnier—Subcommittee 
VII; and H. A. Anderson—Subcommit- 
tee VIII. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 179 members; 144 returned 
their ballots, of whom 123 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


A. H. Scorrt, 
Chairman. 


B. E. Ety, 
Secretary. 
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OF COMMITTEE D-10 
ON 
SHIPPING CONTAINERS* 


Committee D-10 on Shipping Con- 
tainers held two meetings during the 
year: both in Chicago, IIl., on October 


17, 1952, and on April 23, 1953. 


The committee suffered serious loss 
through the death of Chairman T. A. 
Carlson and the resignation of Secretary 
J. H. Toulouse. A memorial resolution 
for Mr. Carlson has been prepared, an 
abstract of which appeared in the 


December, 
BULLETIN. 


1952 issue of the ASTM 


Officers elected at the Spring Meeting 
to fill the unexpired terms of chairman 


and secretary are: 
Chairman, Gordon E. Falkenau. 
Secretary, R. F. Uncles. 


The membership consists of 98 voting 
members, composed of 34 producers, 39 


consumers, 
members. 


and 25 general 


interest 


All of the standards and tentatives 
for which Committee D-10 is responsible 
have been reviewed, and the necessary 
recommendations are included in this 


report. 


RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE ON 


STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-10 presented to the 


Society through the 


Administrative 


Committee on Standards a Proposed 
Tentative Method of Test for Water 
Vapor Permeability of Packages by 


* Presented at the Fifty-sixth Annual Meeting of the 


Society, June 28-July 3, 1953. 
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Cycle Method. This recommendation 
was accepted by the Standards Com- | 
mittee on April 16, 1953, and will appear 7 
in the 1953 Supplement to the Book of 7 
ASTM Standards, Part 7, bearing the © 
designation D 1251 - 53 T. 


New TENTATIVE 


Committee D-10 recommends for pub- 
lication as tentative the Method of Test 
for Water Vapor Permeability of Ship- 
ping Containers by Cycle Method, as 
appended hereto.! 


ADOPTION OF TENTATIVE AS STANDARD © 


Committee D-10 recommends that the 
Tentative Methods of Testing Large 
Shipping Cases and Crates (D 1083 - 50 
T) be approved without change for 
reference to letter ballot of the Society 
for adoption as standard. 


CONTINUATION OF STANDARDS AND 
TENTATIVES WITHOUT REVISION 


Committee D-10 recommends that the 
following standards, which have stood . 
without revision for six or more years, 
be continued without revision: 
Standard Methods of Test for: 
Compression Test for Shipping Containers 
(D 642 - 47), 
Drop Test for Shipping Containers (D 775 — 47), 
and 


Shipping Containers in Revolving Hexagonal © 
Drum (D 782 - 47). 


1 The new tentative was accepted by the Society and : 
appears in the 1953 Supplement to Book of ASTM Stand- — 
oa Part 7. 
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Committee D-10 recommends that the 
following tentatives, which have stood 
without revision for two or more years, 
be retained as tentative: 


_ Tentative Methods of Test For: 


Vibration Testing for Shipping Containers 
(D 999 - 48 T), and oe 
Pallets (D 1185 - 51 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Definitions of Terms 
(Edward Dahill, chairman) completed an 
additional list of definitions of terms to 
be included in the Standard Definitions 
of Terms Relating to Shipping Con- 
tainers (D 996 - 50), which are now in 
process of letter ballot in Committee 
D-10. The subcommittee also completed 
a review of a proposed glossary of terms 
relating to interior packing, compiled by 
Subcommittee VI, which is also in proc- 
ess of committee letter ballot. 

Subcommiitee II on Methods of Testing 
(G. E. Falkenau, chairman) has been 
combined, for an indefinite period, with 
Subcommittee IV on Performance Stand- 
ards (J. G. Turk, chairman) and Swb- 
committee V on Correlation of Tests and 
Test Resulis (R. C. McKee, chairman) 
for the purpose of conducting a co- 
ordinated program on factors affecting 

2 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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the results obtained from the standard 
test methods now being used in evaluat- 
ing shipping containers. Four task groups 
have been organized to study the present 
drop test, revolving drum test, vibration 
test, and to develop a stacking test. The 
study of statistical methods is being 
continued with an augmented task 
group. Decision was reached to drop 
further studies in the development of a 
puncture resistance test of multiwall 
paper shipping sacks. 

Subcommitiee VI on Interior Packing 
(S. L. Swenson, chairman) has been 
working on a bibliography and abstract 
of cushioning studies, which is expected 
to be completed in the near future. A 
proposed load deflection method for 
determining energy absorption o* cush- 
ioning materials has been reviewed, and 
check determinations will be made dur- 
ing the next few months. Themeasure- 
ment of compression set of cushioning 
materials has been considered, and tests 
wiil be made to develop data for a con- 
stant load method. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 98 members; 65 members 
returned their ballots, of whom 64 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
EARL STIVERS, 
Acting Chairman. 
L. C. GILBERT, 
Acting Secretary. 


Committee D-11 on Rubber and Rub- 
ber-Like Materials, and twelve of its 
subcommittees, held meetings in De- 
troit, Mich., on March 4 to 6, 1953, dur- 
ing ASTM Committee Week. In addi- 
tion, some of the subcommittees have 
held separate meetings during the year; 
and the SAE-ASTM Technical Com- 
mittee on Automotive Rubber, with its 
various sections, has met on a quarterly 
basis. 

Progress has been made during the 
year in the establishment of standard 
test formulations and lots of compound- 
ing materials. The recipes and proce- 
dures for compounding and mixing are 
now included in ASTM Tentative Meth- 
ods of Sample Preparation for Physical 
Testing of Rubber Products (D 15- 
52 T), which also includes a list of stand- 
ard ingredients. It is hoped all may 
eventually be made available from a 
standard source such as the National 
Bureau of Standards. During the year 
the Bureau has added one new standard 
ingredient to the list which it was previ- 
ously prepared to supply. This is N.B.S. 
Standard Sample No. 377, phenyl beta 
naphthylamine. There is still no stand- 
ard source for the rubbers nor for SRF 
black, acetylene black, Silene EF and 
whiting. Further work by the Bureau 
on this project has not been undertaken 
because of limitations in funds and per- 
sonnel. 


tivity in the work of Technical Com- 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28- July 3, 1953. 
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The committee has continued its ac- 


mittee 45 on Rubber of the International : 
Organization for Standardization (ISO). : 
Several of the subcommittees have in- 
vestigated and reported on proposals 
under study in the ISO committee. 
Committee D-11 will be represented at 
the fifth meeting of ISO/TC 45 in Paris, 
June 15 to 23, by R. D. Stiehler, Na- 
tional Bureau of Standards; J. R. Britt, 
U. S. Department of the Navy, Bureau 
of Ships; Irving Kahn, U. S. Department 
of the Army, Office of the Chief of 
Ordnance; J. R. Kerscher, Goodyear 
Tire & Rubber Co.; and J. C. Monter- 
moso, U. S. Department of the Army, 
Office of the Quartermaster General. 


RECOMMENDATIONS ACCEPTED BY THE — 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


The following recommendations pre- 
sented to the Society through the Ad- 
ministrative Committee on Standards 
were accepted on November 13, 1952: 


Revision of Tentative Methods of: 


Testing Automotive Hydraulic Brake Hose 
(D 571-51 T), 

Test for Compression Fatigue of Vulcanized - 
Rubber (D 623 - 41 T), 

Testing Asphalt Composition Battery Con- 
tainers (D 639 - 51 T), 

Testing Compression Asbestos Sheet Packing 
(D 733 - 50 T), 

Testing Rubber-Coated Fabrics (D 751-46T), 

Test for Resistance of Vulcanized Rubber or 
Synthetic Elastomers to Cut Growth by - 
Use of the Ross Flexing Machine (D 1052 
49 T), 

Measuring Low-Tempterature Stiffening of 
Rubber and Rubber-Like Materials by the 
Gehman Torsional Apparatus (D 1053 - 52 T). — 
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Revision of Tentative Specifications for: 

Rubber and Synthetic Rubber Compounds for 
Automotive and Aeronautical Applications 
(D 735 - 52 T). 

Revision of Tentative Specifications and Methods 
of Test for: 

Concentrated, Ammonia Preserved, Creamed 


and Centrifuged Natural Rubber Latex 
(D 1076-52 T). 


Withdrawal of Standard Methods of: 


Sampling and Testing Latices of Natural Rubber 

and Synthetic Rubbers (D 640 - 44). 

The revised tentatives appear in the 
1952 Book of ASTM Standards, Part 6, 
as well as in the 1952 Compilation of 
ASTM Standards on Rubber and Rub- 
ber-like Materials. 

The revision of the tentative methods 
of testing Automotive Hydraulic Brake 
Hose, D 571, provides for the addition 
of the 3°g-in. size of hose and a change in 
the cold test procedure from —40 F to 
—65 F. 

In the Test for Compression Fatigue 
of Vulcanized Rubber, D 623, the re- 
vision clarifies some test details and pro- 
vides for the use of molded as well as 
die-cut specimens. The revision of the 
Tentative Methods of Testing Asphalt 
Composition Battery Containers, D 639, 
adds a procedure for determining the 
susceptibility of a container to fracture 
by means of a drop ball impact test. 
The change in the Methods of Testing 
Compressed Asbestos Sheet Packing, 
D 733, defines more precisely the speed 
of the testing machine. The revision in 
the Tests of Rubber-Coated Fabrics, 
D 751, provides for a definite distance 
of separation of 3 in. in the adhesion test. 
In the Test for Resistance of Vulcan- 
ized Rubber or Synthetic Elastomers to 
Cut Growth by the Use of the Ross 
Flexing Machine, D 1052, the size of the 
piercing tool and holder are defined more 
accurately than formerly. In the revision 
of the Test for Low-Temperature Stiffen- 
ing by the Gehman Torsional Apparatus, 
D 1053, changes were made clarifying 
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the method of calibration of torsion wire 
and adding the calibration as a new sec- 
tion of the method instead of handling 
by a Note. A new section was also added 
giving the equations and method for 
calculating modulus of rigidity of the 
test piece. 

In the revision of the Tentative Speci- 
fications for Rubber and Synthetic 
Rubber Compounds for Automotive and 
Aeronautical Applications, D 735, 
changes were made in Table I covering 
Type R compounds, non-oil resistant, 
Table III Type S, Class SB, oil resistant 
synthetic rubber compounds, and Table 
IV Type S, Class SC, oil resistant syn- 
thetic rubber compounds, adding inter- 
mediate grades which the committee 
feels are needed. A new Table VI cover- 
ing polyacrylic rubber resistant to heat 
and petroleum hydrocarbons was added. 
In addition, compression set as a basic 
requirement in Table V on silicone rub- 
bers was removed as this is considered 
adequately covered by Suffix B in the 
Table. A number of editorial changes 
were also made in the specifications, 
including the specific exclusion of in- 
sulated wire and cable compounds from 
the scope of these specifications. 

The revision of the Tentative Specifi- 
cations and Methods of Test for Con- 
centrated, Ammonia Preserved, Creamed 
and Centrifuged Natural Rubber Latex, 
D 1076, reduces the requirement for 
mechanical stability from 600 sec mini- 
mum to 400 sec minimum, changes the 
dimensional tolerances on equipment for 
the mechanical stability test, as well as 
some details of the procedure and the 
definition of the end point. These changes 
resulted, to a considerable extent, from 
discussions in ISO/TC 45. The with- 
drawal of the Standard Methods of 
Sampling and Testing Rubber Latices of 
Natural Rubber and Synthetic Rubbers, 
D 640, was recommended because this 
standard has been superseded by similar 


rovisions in method D 1076, 


e 
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New TENTATIVES 


Committee D-11 recommends the 
acceptance for publication of the follow- 
ing two new tentatives as appended 
hereto:'* 

Tentative Specifications for Non-Rigid 
Thermoplastic Compounds for Automotive 
and Aeronautical A pplications.—These 
tentative specifications have been under 
consideration for several years in the 
SAE-ASTM Technical Committee on 
Automotive Rubber, which has now 
recommended their publication by both 
ASTM and SAE. Committee D-11 
concurs in this recommendation and be- 
lieves that these specifications, which are 
prepared in form similar to the corre- 
sponding specifications for rubber com- 
pounds, will fill a long-felt need in the 
automotive industry. 

Tentative Methods for Determining 
Harmful Dirt in Crude Natural Rubber.— 


These tentative methods have been de-_ 


veloped by Subcommittee XII on Crude 
Natural Rubber in connection with its 
work in developing standard test pro- 
cedures for the evaluation of this mate- 
rial. The presence of foreign matter has 
always been one of the principal sources 
of difficulty in the control of crude rub- 
ber quality. Ordinary inspection methods 
fail to evaluate this defect adequately. 
The two procedures recommended in this 
proposed tentative have been thoroughly 
investigated by the subcommittee and 
found to be satisfactory when used as 
outlined in the scope. These methods are 
also being suggested to the ISO/TC 45 
for their consideration. It is felt that their 
approval will be very helpful in con- 
trolling one of the most troublesome de- 
fects found in crude natural rubber. 


REVISION OF TENTATIVES 


® The committee recommends that nine 


of the present tentatives be revised as 
indicated and continued as tentative: 
16 The new tentatives were accepted by the Society and 


appear in the 1953 Supplement to k of ASTM Stand- 
ards, Part 6. 
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Tentative Methods of Test for Compres- 
sion Set of Vulcanized Rubber (D 395 — 
52 T:! 

Section 8: Heat Treatment.—In Para- 
graph (c) delete the portion of the second 
paragraph which reads “Before inserting 
the test specimen in the compression 
device, the compression device shall be 
preheated, etc.” and ends with the 
words “for a period of 20 min. before 
being replaced in the air oven.” Substi- 
tute for the above the following sentence: 
“The test specimen shall be at room 
temperature when inserted in the com- 
pression device.” This change eliminates 
the requirement for preheating the com- 
pression device before loading in both 
Methods A and B. Investigation by the 
subcommittee has proved that preheating 
is neither necessary nor advisable. 

Tentative Method of Heat Aging of 
Vulcanized Natural or Synthetic Rubber 
by Test Tube Method (D 865 - 52 T)': 

Section 5: Test Specimens——Change 
Paragraph (b) to read as follows: 

“The cross-sectional dimensions for calculat- 
ing the physical properties shall be measured 
prior to exposure in the aging chamber. Gage 
lines used for measuring elongations shall be 
applied after the specimens have been aged. 
Only specimens of similar dimensions having ap- 


proximately the same exposed areas may be 
compared with each other.” 


The committee has investigated the 
practice of placing elongation bench 
marks on test specimens both before 
and after exposure to the elevated tem- 
perature. Marking before exposure often 
results in loss of the marks in handling 
or adverse action of the ink material 
on the rubber. Application of the marks 
after exposure would be objectionable 
only in the event of substantial change 
in dimensions during the exposure time. 
The work of the subcommittee on speci- 
mens using various polymers has indi- 
cated that these dimensional changes 
are considerably less than experimental 
error in the method except when speci- 


1 1952 Book of ASTM Standards, Part 6. 
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mens are actually melted or approaching 
a melted condition, in which case the test 
would not ordinarily be run. The sub- 


committee advises that in most cases 
marking after exposure is preferable and 


7, 


is in line with the practice usually fol- 
lowed. 

Tentative Methods of Testing Com- 
pressed Asbestos Sheet Packing (D 733 - 
52 T).' The following changes are recom- 
mended: 

Section 5: Measurement of Thickness.— 
Change the last sentence by deleting 
the words “around the borders of the 
article” and substitute the phrase “over 
the area of the article.” This change is 
intended to permit measurements else- 
where than at the border if the center 
of the article happens to be accessible. 
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Section 8: Compressibility and Recovery. 
—Change the major load value of 250 
Ib to the value of 245 lb in order to be 
consistent with Method D 1147, the 
Compressibility Test Method. 


iz 
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Fic. 1—Shearing Disk Viscometer. 


Section 10: Immersion Tests.—In Para- 
graph (b) delete the second and last 
sentences referring to compressibility 
after immersion. 

Tentative Method of Test for Viscosity 
of Rubber and Rubber-Like Materials by 
the Shearing Disk Viscometer (D 927 - 
52 T):'—As a result of work done at 
the National Bureau of Standards on 
the influence of variation in rotors, dies, 
and rate of shear on the Mooney Vis- 
cosity, the committee recommends the 
following revisions: 

Delete Fig. 1 showing line drawing of 


“||| 
Ke 
\¢ \ 
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the older type of Mooney Viscometer and 
substitute a similar drawing of the NBS 
Model. 

Section 2: Apparatus—In Paragraph 
(a) delete the word “suitably” from the 
last sentence and add “The serrations on 
the die shall be formed by cutting square 
grooves 7 in. wide with a uniform depth 
of not less than 0.010 in. nor more than 
0.015 in. The grooves forming the serra- 
tions on the die holder shall be vertical 
and shall be cut on 7,-in. centers. The 
serrations on the dies shall be formed by 
cutting 2 sets of grooves at right angles 
to each other.” Add a new paragraph to 
read as follows: 


“The pin in the center of the serrated face of 
the upper die shall be 4 in. in diameter and shall 
extend not more than 0.123 in. nor less than 0.121 
in. beyond the serrated face of the die.’’ 


Revise Paragraph (5) to read as fol- 
lows: “‘(b) The die shall be an integral 
part of, or mounted on platens equipped 
with, a heating device and controls cap- 
able of maintaining the die cavity at a 
specified equilibrium test temperature 
with a tolerance of +1 F.” 

On item 3 in the note under Paragraph 
(6), change the first sentence to read: 
“In cases in which the viscometer has not 
been equipped with thermocouples as 
specified in the Tentative Method of 
Test for Curing Characteristics of Vul- 
canizable Mixtures During Heating by 
the Shearing Disk Viscometer (D 1077 - 
49 T), a thermocouple may be inserted, 
etc.” 

Revise Paragraph (c) to read as fol- 
lows: ‘“‘(c) The dimensions of the rotor 
head, measured from the tops of the ser- 
rations, shall be 1.500 + 0.001 in. in 
diameter and 0.218 + 0.001 in. in thick- 
ness. The rotor head shall also be ser- 
rated to prevent slippage. The serrations 
on the face of the rotor shall conform to 


the requirements given in Paragraph (a): 


for the serrations on the die. The serra- 
tions on the edge of the rotor shall con- 
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form to the requirements given in Para- 
graph (a) for the serrations on the die _ 
holders. The rotor head shall be securely — 
mounted by means of a suitable shaft — 
so that the horizontal center line of the 
rotor and die cavity shall coincide within 
plus or minus 0.005 in. The eccentricity 
or runout of the rotor shaft with the rotor — 
in the machine shall not be greater than 
0.0005 in. It shall be permissible to use > 
a small rotor having a head diameter of 
1.200 + 0.001 in. in place of the large 
rotor when testing a stock having a vis- 
cosity greater than 200-ML units. Ex- 
cept for the diameter, the small rotor 
shall conform to the dimensions for the 
large rotor. The counterbore (or spot 
face) in the top of the rotor shaft shall 
be 0.027 in. plus 0.000 in. minus 0.001 in. 
deep measured from the top of the ser- 
rated surface. The shoulder of the rotor © 
shaft shall be 0.4070 in. plus 0.0000 in. 
minus 0.0005 in. in diameter. It shall | 
bear on the vertical shaft and not on the ~ 
lower die (see Fig. 1).” 

Tentative Method of Test for Impact 
Resilience and Penetration of Rubber by 
the Rebound Pendulum (D 1054 - 49 T):'. 

Section 5: Test Conditions.—In Para- 
graphs (a) and (5) change the specified 
testing temperature from 82 + 2 F 
to 73.4 + 2 F. This change is necessary 
to bring the test temperature in line 
with the presently accepted standard. 

Tentative Specifications and Methods of 
Test for Latex Foam Rubbers (D 1055 — 
52 T):! 

Section 4: Grades of Latex Foam Rub- — 
bers.—The following changes are recom-— 
mended in the list of Suffix Letters: 
(1) Suffix Letter A should be dropped 
since no oven aging test is used other 
than those under basic requirements. 
(2) Suffix Letter B should be dropped 
since no compression set test other than 
the basic requirement is approved. 
(3) Suffix FF should be removed since 
at present no test other than the one 
low temperature test is used. If one is 
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to be added later, it probably would be 
designated F; or F:. (4) Under M change 
to read “Inflammability test required.*” 
(5) Under N change to read “Repeated 
impact test required.*” 

Tentative Specifications and Methods 
of Test for Sponge and Expanded Cellular 
Rubber Products (D 1056 - 52 T).'— 
This revision incorporates a change in 
the water absorption test which has been 
requested by the Technical Committee 
on Automotive Rubber and is recom- 
mended by Subcommittee XXII. 

Section 34: Test Specimens.—Replace 
the present paragraph with the following: 


“Standard test specimens approximately 
3 in. in thickness and 4 sq. in. in area shall 
be used for this test. Round specimens are 
preferable. The test specimens shall have the 
natural skin on the top and bottom surfaces 
of the disks.” 


Section 35: Procedure—Replace the 
present paragraph with the following: 

“Specimens shall be submerged in distilled 
water at room temperature (65 to 95 F) 2 in. 
below the surface of the water and subjected to 
a vacuum of 25 in. of mercury for 3 min. The 
vacuum is released, and specimen still submerged 
is allowed to stand for three min at atmospheric 
pressure. The specimen is then removed, blotted 
dry, and the percentage change in weight is 
calculated.” 

Tables I, II, and III.—Under Suffix 
L in the tables, change the present re- 
quirement for maximum per cent water 
absorption from the present figure of 
10 per cent to a maximum of 5 per cent. 

Section 5(b).—In the table of Suffix 
Letters, delete Suffix Letter A and 
Suffix FF as in Specifications D 1055. 
Change Suffix B to read as follows: 
“Compression set test required with 
values as specified in Table IIT.” Re- 
move asterisk at end of sentence after 
III in Suffix L. Change Suffix M to 
read “Inflammability test required.*” 
Change Suffix N to read “Repeated im- 
pact test required.*” 

Tentative Method of Test for Compres- 
sibility and Recovery of Gasket Materials 
(D 1147 — 51 T).'—The following revi- 
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sions are recommended in order to make 
the test method more definite and to 
clarify ambiguities: 

Section 2: Apparatus——In Para- 
graph (6) change last sentence to 
read “Penetrator diameters for various 
types of gasket materials are as shown 
in Table I, unless otherwise specified.” 
In Paragraph (d) change last sentence 
to read: “Preloads for various types of 
gasket materials are as shown in Table 
I, unless otherwise specified.” Change 
the next to the last sentence in Para- 
graph (e) to read: “The major load shall 
be in addition to the specified preload.” 
Change the last sentence to read: 
“Major loads for various types of gasket 
materials are as shown in Table I, unless 
otherwise specified.” 

Table I.—Omit the word “Recom- 
mended” from the title and change 
values in “Major Load” column to 
read respectively 245 lb, 79 lb, 45 lb, 
49 Ib, 49 lb, 99 Ib, 49 Ib, 49 Ib. Add a 
final column entitled “Sum of Major 
Load and Preload” giving values as at 
present in column entitled “Major 
Load.” 

Section 4: Conditioning of Specimens.— 
Change last sentence to read as follows: 
“Conditioning procedures for various 
types of gasket materials are as shown 
in Table I, unless otherwise specified.” 

Tentative Methods of Testing Adhesives 
for Brake Lining and Other Friction 
Materials (D 1205 — 52 T).'—The com- 
mittee recommends the following revi- 
sions as refinements in the tentative 
methods: 

Section 4(b): Elevated Temperature.— 
After the first sentence insert the 
following new sentence: ‘The rate of 
heating may be a matter of agreement 
between buyer and seller.” 

Section 5: Apparatus.—At the end of 
the first sentence following the words 
“at a rate of 0.4 in. per min” add the 
phrase “or at a loading rate not to exceed 
1000 lb per sec.” At the end of Section 5 
add two additional sentences as follows: 
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“Alignment of the fixture should be 
parallel. Caution should be exercised to 
avoid preliminary load prior to start of 
test.” 


REVISION OF STANDARDS, 
ADOPTION 

Standard Method of Air Pressure Heat 
Test of Vulcanized Rubber (D 454 - 52),} 

Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oxy- 
gen-Pressure Method (D 572 — 52),' and 

Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oven 
Method (D 573 - 52).' 

The committee recommends for im- 
mediate adoption the same revisions in 
the corresponding paragraphs of these 
three standard methods as recommended 
above in the Tentative Method of Heat 
Aging by the Test Tube Method (D 865 — 
52 T). The reasons are the same jin all 
cases and it is considered desirable to have 
the changes published simultaneously. 
The committee accordingly requests the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society. 


TENTATIVES CONTINUED 
WITHOUT REVISION 

The committee recommends that all 
tentatives under its jurisdiction, other 
than those mentioned in this report, be 
continued as tentative. Most of these 
are being reviewed by the various sub- 
committees, and the results of this work 
will be presented to the Society as it is 
completed. 


IMMEDIATE 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.” 

ACTIVITIES OF SUBCOMMITTEES 

Mr. J. F. Kerscher, Goodyear Tire and 


2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


Rubber Co., has been appointed chair- 
man of the new subcommittee authorized 
to develop specifications for rubber 
compounds for general application simi- 
lar to the SAE-ASTM Specifications for 
Rubber and Synthetic Rubber Com- 
pounds for Automotive and Aeronautical 
Applications (ASTM Designation D 735), 
which have been used so successfully in 
the automotive and aeronautical fields. 

Numerous interesting projects are 
engaging the attention of various sub- 
committees of Committee D-11. It is 
possible here to mention only a few of 
these, but it should be noted that other 
subcommittees have a large amount 
of work in progress which will be re- 
ported in due course. 

Subcommittee V on Insulated Wire 
and Cable has completed drafts of = 
posed specifications for insulation - 


polyethylene. Both of these have been 
in the formative stage for some time 
and will be presented to the Society 
when agreement is reached. Meanwhile 
progress is being made on the master 
specification covering construction de- 
tails of insulated wire and cable used 
for the distribution of electrical energy 
which was mentioned in a previous re- 
port. 

Subcommittee XII on Crude Natural 
Rubber has been giving attention to 
methods for defining and measuring the 
vulcanization characteristics of crude 
rubber in addition to its work on the 
quantitative determination of dirt, cop- 
per, and manganese in rubber. The most 
important property of natural rubber 
for technical classification is its vul- 
canization behavior. Variations in this 
characteristic cause considerable diffi- 
culty during manufacture. The principal 
control of this property in the past has” 
been obtained by determination of the 
strain or modulus of a standard test 
vulcanizate cured in a standard way. 


The subcommittee feels that an ade- | 


quate evaluation of the measurement 
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pounds based on butyl rubber / 
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of vulcanization will require not only 
the present measurements, but in addi- 
tion, measurement of the time of incipient 
cure and rate of cure, preferably deter- 
mined by the change in Mooney vis- 
cosity of a test compound as a function 
of time at vulcanizing temperatures. 

A number of round-robin test pro- 
grams are under way in various sub- 
committees. Subcommittee XV has re- 
ceived a report from a section working 
on the correlation of oven and shelf 
aging tests. Aging periods of two, three, 
and four years, both in the United States 
and in Liberia, have been covered and the 
next series of tests will be made at the 
end of eight years. The extensive data 
obtained are to be analyzed by Subcom- 
mittee XXVIII on Statistical Quality 
Control. An extensive program on the 
measurement of the resistance of rubber 
to ozone aging is being carried out by a 
section functioning in both the Technical 
Committee on Automotive Rubber and 
Subcommittee XV. A large amount of 
data has already been reported and the 
work is still in progress. Seven rubber 
compounds of different types are in- 
volved and correlations are being ob- 
tained between outdoor exposure in 
various locations and tests in ozone 
cabinets. Another testing program is in 
progress in the Technical Committee on 
Automotive Rubber on static exposure 
testing. This program is in its second 
year. Six different samples are being 
exposed in eighteen different locations. 
A large amount of data on rate of crack- 
ing at different seasons in different loca- 
tions is being evaluated in the effort to 
improve present methods of outdoor 
weather aging and to correlate results 
of outdoor aging with laboratory ac- 
celerated tests. 

Subcommittee XX on Adhesion Tests 
is planning revisions of the Tentative 
Methods of Test for Adhesion of Vul- 
canized Rubber to Metal, D 429, and 
has outlined an extensive round-robin 
test program to evaluate these proposed 
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revisions. Before this program is started 
it is being carefully planned and re- 
viewed by Subcommittee XXVIII on 
Statistical Quality Control to make 
certain that adequate data will be ob- 
tained on which to base sound conclu- 
sions as to the relative merits and re- 
producibility of both the proposed and 
the existing methods. Subcommittee 
XXI has completed a round-robin test 
program of brake lining adhesive, tested 
according to Methods D 1205 - 
52 T, in order to evaluate the reliabil- 
ity of these methods. The results 
which have been reported show that 
the methods are generally satisfactory, 
although a few minor changes are indi- 
cated and will be recommended in due 
course. 

Subcommittee XXV is considering a 
draft of a proposed new tentative known 
as the T-R (Temperature-Retraction) 
Test Procedure. This method of test 
describes a procedure for determining 
the retraction characteristics of rubber 
and rubber-like materials caused by a 
rise in temperature after the materials 
have been frozen in an elongated condi- 
tion at sufficiently low temperatures to 
cause them to lose practically all of their 
elastic properties. The retraction values 
obtained give an over-all picture of low- 
temperature behavior including the effect 
of crystallization. It is expected that 
this proposed method will be presented 
to the Society for publication in the 
near future. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 211 members; 139 members 
returned their ballots, of whom 138 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
S. CoLuier, 
Chairman. 
ArtTHuUR W. CARPENTER, 
Secretary. 
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Committee D-12 on Soaps and Other 
Detergents held one meeting during the 
year on March 16 and 17, 1953, in New 
York, N. Y. 

During the year William G. Morse 
retired, and has resigned as Chairman of 
Subcommittee G-2 on Nomenclature 
and Definitions. This vacancy has not 
yet been filled. A. M. Schwartz has been 
appointed to replace Mr. Morse on 
Subcommittee G-1, Advisory. 

At the present time the committee 
consists of 115 members, of whom 58 are 
classified as producers, 35 as consumers, 
and 22 as general interest members, 
with 6 consulting members. 


PROPOSED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for publi- 
cation as information the proposed 
Method of Aerated Total Immersion 
Corrosion Test for Metal Cleaners, as 
appended hereto.! 


New TENTATIVES 


_ The committee recommends that the 
following four methods of test be 
accepted for publication as tentative:? 


Tentative Methods of Test for: 


Rinsing Properties of Metal Cleaners, 

Buffering Action of Metal Cleaners, 

Total Immersion Corrosion Test for Soak Tank 
Metal Cleaners, and 

Analysis of Sodium Bicarbonate. 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, 3, 1953. 


: The, new tentatives were accepted by the Society 

and appear in the 1953 Supplement to Book of AST 
Y 
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Method of Test for Buffering Action of 
Metal Cleaners is recommended, as 
follows: 

Section 2(c).—Revise to read as fol- _ 
lows: 


A revision of the proposed Tentative 7 


(c) Buffer Index.—The milliliters of 0.5 N 
hydrochloric acid required to decrease the 
initial pH of the solution either 1 pH unit or 
some definite change in pH as agreed upon by 
the purchaser and producer. Examples of change 
in pH ranges are as follows: 
(1) From initial pH of a solution to pH of ;. 
12.0, 

(2) From pH 12.0 (or initial pH if between — i. 
11 and 12) down to pH 11.0, and 

(3) From pH 11.0 down to pH 10.0 


— J 


The proposed Tentative Method 
Test for Analysis of Sodium Bicarbonate 
is in effect a tentative revision of the 7 
Standard Methods of Sampling and 7 
Chemical Analysis of Alkaline Deter- 7 
gents (D 501 -49),? and is intended to 
be added eventually to the standard 
methods. 


ADOPTION OF TENTATIVES 
AS STANDARD 


The committee recommends that the 
following three tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard, with- 
out revision: 


Tentative Specifications for: 


Chip or Granular Soap for Low-Temperature | 
Washing (Low and Medium Titer) (D 1111 - 
51 T),3 and 

Solid Soap for Low-Temperature Washing (Low 
and Medium Titer) (D 1112 - 51 T).8 


3 1952 Book of ASTM Standards, Part 7. 
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Tentative Method of Test for: 


Foaming Properties of Surface-Active Agents 
(D 1173 - 51 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Specifications for Milled Toilet 
Soap (D 455 - 48)* be revised as follows 
and reverted to tentative: 

Section 3.—Revise the second, fourth, 
and last chemical requirements to pro- 
vide for an increase in the permissible 
value, to read as follows: 


Sum of free alkali, total matter insoluble in 
alcohol, and sodium chloride, max., per 


Matter insoluble in water, max., percent.. 1 
Anhydrous soap content, min., per cent. . 81. 


TENTATIVE CONTINUED 
WitHovut REVISION 


The committee recommends that the 
Tentative Method of Test for pH of 
Aqueous Solutions of Soaps and Deter- 
gents (D 1172-51T) be continued as 
tentative without revision. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the 
results of which will be reported at the 
Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee T-1 on Soap Analysis 
(E. W. Blank, chairman).—This sub- 
committee, which functions jointly with 
a committee of the American Oil 
Chemists’ Society, has completed co- 
operative tests on a method for the 
determination of copper in soap. This 
method has been forwarded to the 
Uniform Methods Committee of the 
A.O.C.S. and is under consideration for 
acceptance as a tentative method. A task 
group is being organized to develop a 

4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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procedure for the determination of the 
color of bar soaps. Methods for the 
determination of sodium carboxymethy] 
cellulose and P.O; in soaps are being 
studied. 

Subcommitiee T-2 on Analysis of 
Synthetic Detergents (R. Bernstein, chair- 
man) has prepared a bibliography cover- 
ing 61 methods of analysis for synthetic 
detergents. Approximately 15 current 
references are being added and the bib- 
liography will be submitted for publica- 
tion.» The subcommittee is now engaged 
in the preparation of a scheme for 
qualitative analysis of synthetic deter- 
gents. 

Subcommittee T-4 on Analysis of 
Alkaline Detergents (W. H. Koch, chair- 
man) has prepared the Tentative Method 
of Test for Analysis of Sodium Bi- 
carbonate, which is appended to this 
report. Methods for the analysis of 
sodium orthosilicate and sodium poly- 
phosphates are being investigated. Speci- 
fications for anhydrous trisodium phos- 
phate and anhydrous sodium meta- 
silicate are to be studied. 

Subcommittee T-5 on Physical Testing 
(A. M. Schwartz, chairman).—Task 
groups have been appointed to investi- 
gate methods of test for the determina- 
tion of redeposition of soil on textiles 
and wetting of textiles. 

Subcommittee T-6 on Metal Cleaning 
(J. C. Harris, chairman) has prepared a 
proposed Method of Aerated Total 
Immersion Corrosion Test for Metal 
Cleaners, which is appended as informa- 
tion.’ 

The subcommittee is engaged in the 
preparation of a laboratory guide to 
the evaluation of metal cleaners. This 
includes recommendations for methods 
of measurement of residual soil, a 
classification of typical soils, and other 
details. A task committee, consisting of 
~~ 8 Issued as separate publication ASTM STP No. 150. 

6 The new tentative was accepted by the Society 


and appears in the 1953 Supplement to Book of ASTM 
Standards, Part 7. 
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H. Kafarski (chairman), A. Balden, and 
F. Chase, has been appointed.to study 
methods of application of metal cleaners 
in the automotive industry. 

Subcommittee S-1 on Specifications for 
Soap (F. Krassner, chairman) recom- 
mended changes in specifications as 
detailed earlier in this report and is 
continuing its general work on soap 
specifications. 

Subcommittee S-4 on Specifications for 
Alkaline Detergents (M. F. Graham, 
chairman) is engaged in the development 
of specifications for sodium orthosilicate. 
Future plans include revision of specifica- 
tions for soda ash and development of a 
specification for anhydrous sodium meta- 
silicate. 

Subcommitiee G-1, Advisory (J. C. 
Harris, chairman) recommended revision 
of annual meeting programs to provide 
for consecutive meetings of subcom- 
mittees, in order to eliminate program 
conflicts. It further recommended re- 
vision of the membership lists of the 
various subcommittees with a canvass of 
the membership, to determine those in a 
position to participate actively. It also 
recommended that Subcommittee T-2 
establish liaison with Committee E-13 
on Absorption Spectroscopy, on infrared 


analysis. 
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Subcommittee G-5 on Program 
Planning (R. B. Mitchell, chairman) 
prepared the program presented at the 
meeting of the committee held on March 
16 and 17, 1953, in New York, N. Y., 
which included, in addition to regular 
committee activities, presentation of the 
following technical papers: 


Metal Cleaning, by William Stericker, 

The Effects of Detergents on Sewage Treatment 
Processes, by Raymond Manganelli,’ 

Analysis of Hard Water Soaps: The Direct 
Determination of Active Sulfonate in Mix- 
tures of Soap and Nacconol RB-85, by L. F. 
Hoyt and J. E. Walter,’ 

A Multi-Surface Cleaning Test, by M. N. 
Fineman,’ 

Asphalt Tile Cleaner Specifications, by A. C. 
Zettlemoyer, 7 and 

Dry Cleaning, by G. P. Fulton.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 115 members; 79 members 
returned their ballots, of whom 78 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Py J. C. Harris, 

Chairman. 
H. R. Surer, 


Secretary. 


Published in ASTM Buttettn, No. 192, September, 


1953, p. 49 (TP139). Also issued as a separate reprint. 
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PROPOSED METHOD OF AERATED TOTAL IMMERSION CORROSION 
TEST FOR METAL CLEANERS! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 


Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. (a) This method of test is intended 
as a means of determining the corrosive 
effects of “metal cleaners for use in 
mechanical equipment,” on all metals 
other than aluminum and its alloys, 
under conditions of aeration and total 
immersion, by quantitative measure- 
ment of weight change or by qualitative 
visual determination of change. The 
test is designed for the determination 
of the effects of the cleaner on metals 
being cleaned and is not for determina- 
tion of the life of the cleaner or of the 
containing equipment. 

(b) When the test is used to assist 
in the choice of material for a specific 
use, the test conditions should simulate 
the conditions of use as closely as prac- 
ticable. 

(c) Where no further processing sub- 
sequent to cleaning is indicated, a test 
for the effect of residual cleaner on the 
corrosion behavior of the material may 
be required. 


Apparatus 


2. (a) Test Tubes fitted with a sintered- 
glass diffusion disc at the bottom, con- 
nected to a tubulation, for the purpose 
of saturating the solutions under test 
with air. The section containing the 
solution under test shall be 58 mm in 
diameter by 300 mm in length, and shall 
have a capacity of about 300 ml. The 

1 This proposed method is under the jurisdiction of the 


ASTM Committee D-12 on Soaps and Other Detergents. 
_ 2 Published as information, Junz, 1953 


tubes shall be chosen so that the speci- 
mens will remain fully immersed during 
the test, the ratio of area of immersed 
metal to the volume of the solution will 
be as prescribed in Section 6 (a), and 
sufficient space will be provided for foam 
formation. 

(6) Source of Filtered Low-Pressure 
Air, for aerating the test solution. The 
air used should be bubbled through so- 
dium hydroxide solution (30 g NaOH 
per liter), maintained at room tempera- 
ture, in order to remove carbon dioxide, 
and then through water, at or near the 
temperature of test, in order to reduce 
evaporation in the test cell. 

(c) Condensers, Allihn-type, having 
jackets 200 to 250 mm in length. Con- 
densers are not required for tests run at 
room temperature. 

(d) Stoppers or Joints——The connec- 
tion between test tube and condenser 
optionally may be either standard-taper 
joints or rubber stoppers preboiled in 
aqueous caustic soda to remove free 
sulfur and boiled in a sufficient number 
of changes of distilled water until neu- 
tral. 

(e) Constant-Temperature Device.— 
Any suitable means may be employed 
for maintaining the solutions actively 
at the boiling point for tests conducted 
at that temperature. For tests made at 
other temperatures, a suitable constant- 
temperature bath shall be provided to 
maintain the required temperature 
within +2 F (1(C). For control testing 


at room temperature, it is suggested 
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that the solution be maintained at 95 + 2 
F (35 + 1C), which, being, slightly 
above most room temperatures, is easy 
to maintain by heat input. 


Apparatus for Residual Cleaner Corro- 
sion Test 


3. (a) Coating Apparatus for producing 
a uniform film of cleaner on the surface 
of the test specimens.* 

(b) Humidity Chamber for exposing 
the contaminated specimens at a tem- 
perature of 95 F (35 C) and 90 per cent 
relative humidity. 


Test Specimens 


4. (a) Selection of Samples ——The sam- 
ples selected for corrosion testing shall 
be identical in composition, metallurgy, 
and surface finishing with the metal at 
the stage where cleaning will be one 
in practice. 

(b) Size and Number of ee 
The test specimens shall have an area 
between 0.300 and 0.375 sq dm and a 
length not to exceed 200 mm. (A speci- 
men 18 mm by 85 mm by 1 mm in thick- 
ness would have an area of 0.327 sq 
dm.) At least two, and preferably four, 
replicates shall be tested in each con- 
centration of cleaner solution prescribed 
in Section 6 (6). The number of replicates 
under test shall be reported. 


Preparation of Test Specimens 


5. Immediately prior to their use in 
the test, clean the test specimens as 
directed in Section 4 of the Tentative 
Method of Test for Total Immersion 
Corrosion Test for Soak Tank Metal 
Cleaners (ASTM Designation: D 1280).' 


Test Conditions 


6. (a) Ratio of Area of Immersed 
Metal to Volume of Solution.—The ratio 


of the area of the immersed metal to 
3 The Fisher-Payne Dip Coater has been found satis- 


this purpose. 
BS Sesplement to Book of ASTM Standards, Part 


shall be freshly boiled distilled water. 
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the volume of solution shall be less than 
1.5 sq dm per liter of solution. (A speci- 
men 18 by 85 mm by 1 mm in thickness 
would require 220 ml of solution, and a 
specimen having an area of 0.375 sq 
dm would require 250 ml of solution.) 
Use fresh solution for each set of repli- 
cates, and record the ratio used. 
(6) Solution Concentration: 

(1) In the absence of the manu- 
facturer’s recommendations, test the 
specimens in solutions of the cleaner 
of concentrations of 0.25, 0.5, and 2.0 
per cent by weight, made up from stock 
solutions which shall be freshly pre- 
pared in 2000-g quantities, according 
to the manufacturer’s recommended 
procedure. Boil the solutions for 30 
min, unless , otherwise specified. In 
case the cleaner is not soluble to the 
extent noted in the stock solutions 
indicated, record this fact, but never- 
theless continue’ the test with the 
specified total amounts of cleaner 
present in the test tubes. A blank test 
of either two or four replicates shall 
be made in freshly boiled distilled 
water. 

(2) When the manufacturer’s rec- 
ommendations are available, make 
the test at the following relative con- 
centrations (based on the average 
concentrations suggested), recording 
the percentages these represent: 

One half the concentration recom 

mended, 

The concentration recommended 

and 

Twice the concentration recom- 

mended. 

Make a blank test of either two or 
four replicates in freshly boiled dis- 
tilled water, submitting them other- 
wise to exactly the same procedure 
followed for the specimens immersed 
in cleaner solution. 
(c) Water—The water used in pre- 

" paring the water-soluble cleaner solutions 
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(d) Temperature.—When the manufac- 
turer’s recommendations are available, 
make the test at 20 + 2F (11 + 1C) 
below and 20 + 2F (11 + 1C) above 
the average recommended temperature, 
or at 180 + 2 F (82 + 1C) if it is lower, 
the temperature being recorded in any 
case. In the absence of the manufac- 
turer’s recommendations, make the test 
at 180 + 2F (82+ 1C). 

(e) Aeration.—Aerate the solution by 
passing air through the solution at the 
rate of 200 ml per liter per min. The 
volume of air should be measured and 
controlled as accurately as possible, 
preferably within plus or minus 10 per 
cent. For 250 ml of solution, 50 ml of 
air per minute would be required. 


Procedure for Quantitative Weight Loss 
Test 


7. Conduct the quantitative weight 
loss test as directed in Section 6 of 
Method D 1280. 


Procedure for Qualitative Surface Cor- 
rosion Test 


8. Proceed as for the quantitative 
weight loss test, except that drying and 
weighing the specimens before the test 
shall be omitted, and the removal of 
corrosion products may be dispensed 
with unless the corrosion is severe enough 
to obscure observation. 


Procedure for Residual Cleaner Corro- 
sion Test 


9. Conduct the residual cleaner cor- 
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rosion test as directed in Section 8 of 
Method D 1280. 


Report 


10. (a) Quantitative Weight Loss Test. 
—Report the following data for each test 
performed: 

(1) Temperature, 
(2) Specimens, size and number, 
(3) Cleaner concentrations, 
(4) Metal, alloy, surface treatment, 
and metallurgical state, 
(5) Ratio of surface area to volume 
of solution, 
(6) Aeration rate, in milliliters of 
air per liter of solution per minute, 
(7) Type of cleaner and other con- 
ditions of test peculiar to type, 
(8) Weight loss, in milligrams per 
square decimeter per hour, 
(9) Range in weight loss values, and 
(10) Appearance before and after 
removal of corrosion products, with 
regard to the following: 
Discoloration, 
Dulling, 
Etching, 
Presence of accretions and relative 
amounts and areas, 
Type of pitting—wide, medium, or 
narrow, and 
Presence of selective or localized 
attack. 

(b) Qualitative Surface Corrosion Test. 
—Report the same information as for 
the quantitative weight loss test (Para- 
graph (a)), except to omit Items (8) 
and (9). 
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TEXTILE MATERIALS* 


Committee D-13 on Textile Materials 
held two 3-day meetings during the 
year, in October, 1952, and March, 
1953, both of them in New York, N. Y. 
The October meeting featured a Sym- 
posium on Thickness and Compres- 
sibility of Textiles,! at which papers 
presented by H. F. Schiefer, Herman 
Bogaty, and E. R. Frederick were the 
basis for discussion. The General Session 
at the March meeting was devoted to 
the presentation of the 1953 (fourth) 
Award of the Harold DeWitt Smith 
Memorial Medal to Prof. Herbert J. 
Ball, honorary chairman of Committee 
D-13 and Past President of the Society. 

A survey of activities of the Task 
Groups in Committee D-13 revealed that 
there are currently 80 groups, each work- 
ing on a different subject, with a total 
of 215 individuals participating in the 
work, 

A new subcommittee to develop stand- 
ard test methods for warp knit fabrics 
was authorized by the Advisory Com- 
mittee in March as a result of industry 
conferences at which representatives of 
the National Federation of Textiles, 
Underwear Institute, dyers of warp 
knit fabrics, fiber producers, and other 
organizations decided to turn to Com- 
mittee D-13 for work in this field. 
Several Task Groups started work at 


* Presented at the Fifty-sixth Annual Meeting of the 
28-July 3, 1953. 
tracts of papers by E. R. Frederick on ‘“Cor- 
Webs as Fillers” and Herman 
Norman R. S. Hollies, John C. Hintermaier, and 
Milton ~ yes on “Thickness- Pressure Measurements and 
the Nature of a Fabric Surface” were published in ASTM 
Bune, No. 188, February, 1953, pp. 45 and 46 (TP 37 
an 
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once and the subcommittee is being 
organized. 

W. M. Scott, A. F. Tesi, and W. D. 
Appel of Committee D-13 served as 
American representatives at meetings 
of the International Organization for 
Standardization Subcommittee on Color- 
fastness Test Methods in New York on 
November 10, 11, and 12, 1952. Twenty- 
four methods were agreed upon. It is 
expected that they will be available for 
general consideration after being revised 
in accordance with the discussions. 

The Officers Committee held two 
meetings in December, 1952, and March, 
1953, and issued a “D-13 News Letter” 
in January to inform members about 
progress and new developments between 
meetings. Further issues may appear 
semi-annually or as needed. 

The following changes in subcommittee 
officers were approved by the Advisory 
Committee during the year: J. K. 
Frederick, Jr., vice A. M. Tenney, as 
chairman of Subcommittee A-2; J. H. 
Baldt as secretary of A-2, Section I; 
resignation of G. H. Hotte and W. E. 
Scholer as chairman and _ secretary, 
respectively, of A-2, Section II; F. W. 
Noechel, vice H. R. Anderson, as chair- 
man of A-3, Section III; F. J. O’Neil as 
secretary of A-3, Section V; E. M. Simon, 
vice C. O. Werner, as secretary of A-9; 
G. B. Harvey, vice R. R. Stevens, as 
chairman of A-10; R. H. Carter, vice 
R. R. Stevens, as chairman of A-10, 
Section I with F. T. Campagna as secre- 
tary; T. F. Jacoby, vice E. A. Leonard, 
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as chairman of A-11 with C. C. Fagan, 
vice F. T. Davies, as secretary. 

The Joint ASTM-AATCC Committee 
on Textile Test Methods held two meet- 
ings in November, 1952, and March, 
1953. In response to a request from 
Sectional Committee L14, the Joint 
Committee reviewed a number of test 
methods for rayon and acetate fabrics 
appearing in an American Standard 
developed by Sectional Committee L22 
and which had not been approved as 
American Standard. The Joint Com- 
mittee assigned certain of these methods 
to the AATCC and others to the ASTM, 
and in two instances to both organiza- 
tions for review and study. The member- 
ship of the Joint Committee was in- 
creased by the addition of C. W. Dorn, 
representing AATCC, and W. M. Scott, 
representing ASTM. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-13 presented to the 
Society through the Administrative Com- 
mittee on Standards the following rec- 
ommendations: 


Tentative General Methods of: 
Sampling Cotton Fibers for Testing (D 1441 - 
52 T). 


Tentative Method of: 


Test for Fiber Weight per Unit Length and 
Maturity of Cotton Fibers (Array Method) 
(D 1442 - 52 T). 


Tentative Recommended Practice for: 

Designation of Yarn Construction (D 1244- 
52 T). 

Revision of Tentative General Methods of: 

Testing Cotton Fibers (D 414-49 T). 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 5, 1952, and the new and revised 
tentatives appear in the 1952 Book of 
ASTM Standards, Part 7, 
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RECOMMENDATIONS AFFECTING 
STANDARDS 

Committee D-13 is presenting for 
publication 4 new tentatives and is 
recommending the revision of 6 tenta- 
tives, tentative revision of 1 standard, 
adoption as standard of several defini- 
tions, 3 tentatives, and tentative re- 
visions of 2 standards, immediate re- 
vision of 2 standards, withdrawal of 1 
standard, and withdrawal of 3 tentatives 
with one to be published as information 
only. 

The standards and tentatives affected, 
together with the revisions recom- 
mended, are given in detail in the 
Appendix.” 

All other tentatives not specifically 
referred to are being actively studied 
by the respective sponsoring subcom- 
mittees. 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee A-1 on Cotton and Its 
Products (B. L. Whittier, chairman): 

Section I on Cotton (G. S. Buck, Jr., 
chairman) is continuing its study of the 
methods of test for various properties 
of cotton with a view to setting up 
separate standards for each property. 

Section II on Cotton Yarns and Threads 
(W. R. Marsden, chairman) is studying 
methods of twist determination and pre- 
conditioning of yarns. Inspection of 
appearance standards is being continued 
and instructions regarding use of the 
photographic reference standards have 
been prepared. 

Subcommittee A-2 on Man-Made Or- 
ganic-Base Fibers and Their Products 
(J. K. Frederick, Jr., chairman): 

Section I on Spun and Continuous 
Filament Yarns (J. K. Frederick, Jr., 


2 See p. 445. 

3 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters, 
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chairman) is studying regain bases for 
testing, revision of some of its standards, 
and the development of appearance 
standards. 

Section II on Fabrics is undergoing 
reorganization and will study need for 
revision of standards under its juris- 
diction. 

Subcommittee A-3 on Wool and Its 
Products (Werner von Bergen, chair- 
man): 

Section I on Wool (O. P. Beckwith, 
chairman) is continuing its study of 
wool testing with particular reference 
to the determination of tensile strength, 
moisture content, staple length, alkali 
solubility, and fineness. 

Section III on Woolen and Worsted 
Yarns (F. W. Noechel, chairman) is 
proposing a new tentative which is a 
consolidation of Methods D403 and 
D 404 on woolen and worsted yarns and 
mixed yarns containing wool. 

Section V on Woolen and Worsted 
Fabrics (E. M. Lynch, Jr., chairman) 
is studying reference regains for various 
fibers and the fiber analysis of blends. 

Subcommittee A-4 on Asbestos and Its 
Textile Products (F. S. Mapes, chairman) 
is continuing its study of the significance 
of tests of asbestos materials and the 
analysis of asbestos textiles with particu- 
lar reference to cotton and fiberglas. 

Subcommitiee A-5 on Bast and Leaf 
Fibers and Their Products (S. J. Hayes, 
chairman) is studying knot breaking 
strength and a general method of ac- 
ceptance testing. 

Subcommittee A-7 on Ultimate Con- 
sumer Textile Products (A. F. Tesi, 
chairman) is continuing its studies of 
test methods for pilling, elastic fabrics, 
and slide fasteners. 

Subcommitiee A-8 on Glass Fiber and 
Its Products (F.:A. Mennerich, chair- 
man) is continuing its study of methods 
for determining build-up and spread of 
glass yarns for wrap and braided covers 
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of wires, and knot strength of glass 
yarns. 

Subcommittee A-9 on Tire Cord and 
Fabrics (F. C. Kennedy, chairman) is 
continuing its study of methods of 
test for tensile strength of tire cords 
with particular reference to rayon cord. 

Subcommitiee A-10 on Non-Woven 
Fabrics (G. B. Harvey, chairman): 

Section I on Felt (R. H. Carter, chair- 
man) is continuing its study of stiffness 
of felts, and considering mildew resist- 
ance, wear abrasion, heat stability, and 
synthetic fibers in felt. 

Section II on Bonded Fabrics (G. B. 
Harvey, chairman) is continuing its 
study on fire resistance, water absorb- 
ency, dry cleaning, abrasion resistance, 
tearing resistance, and flexural rigidity. 
Also, folding and _ scuff resistance, 
smoothness measurement, and _ resist- 
ance to delamination are being con- 
sidered. 

Subcommittee A-11 on Pile Fabrics 
(T. F. Jacoby, chairman) is working on 
service properties, fire resistance, re- 
sistance to insect damage, tests for 
tufted pile floor coverings, correlation 
of alkali solubility with damage to wool, 
moisture content of kraft cord, and tuft 
bind test. 

Subcommittee B-1 on Test Methods 
(W. M. Scott, chairman) is continuing 
its study of dimensions of jaws for grab 
test, fiber properties, evenness of yarns, 
knit fabrics, crease resistance, thickness 
of fabrics, stiffness, fraying, identifica- 
tion of fibers, analysis of fiber mixtures, 
abrasion resistance, thermal transmis- 
sion, and colorfastness. 

Subcommittee B-2 on Nomenclature 
and Definitions (A. G. Scroggie, chair- 
man) is continuing its work of develop- 
ing standard and tentative definitions, — 
revision of the Glossary of Defects in 
Woven Fabrics. It will also continue 
its study of the designation of yarn 
construction and the universal yarn 


numbering system. 
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Subcommitiee B-5 on Sampling, Pre- consists of 351 members; 182 returned 
sentation and Interprelation of Data their ballots, all of whom have voted 
(J. C. Hintermaier, chairman) is con- affirmatively. 
tinuing its study of the sampling of part 
wool blankets for determining fiber 
content. The program for the October, 
1953, papers session will be developed 


Respectfully submitted on behalf of 
the committee, 


and sponsored by this subcommittee. W. D. AP my 
Chairman. 
This report has been submitted to W.H. Wuitcoms, 
letter ballot of the committee, which Secretary _ 


Epitor1AL NOTE 


Subsequent to the Annual Meeting, Committee D-13 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: 


Tentative Method of: 


_ Test for Tensile Strength of Wool Fiber Bundles (D 1294 - 53 T), 
_ Test for Recovery of Textile Fabrics From Creasing, Using the Vertical Strip 
— Apparatus (D 1295 - 53 T), 

q _ Test for Maturity of Cotton Fibers (Random Sample-Sodium Hydroxide 

Swelling Method) (D 1443 - 53 T), 

Test for Cross-Sectional Characteristics of Cotton Fibers (D 1444 - 53 T), 
Test for Strength of Cotton Fibers (Flat Bundle Method) (D 1445 - 53 T), and 
Test for Number of Neps in Cotton Fibers (D 1446 - 53 T). 


Revision of Tentative Methods of: 
Testing Cotton Fibers (D 414 - 52 T), 
Test for Resistance of Textile Materials to Microorganisms (D 684 - 45 T), 
an 
Testing and Tolerances for Rayon Tire Cord (D 885 - 53°T). 


; These recommendations were accepted by the Standards Committee on October 
30, 1953, and the new and revised tentative methods appear in the 1953 Supplement 
to Book of ASTM Standards, Part 7, as well as in the 1953 Compilation of ASTM 
Standards on Textile Materials. 


APPEN 


In this Appendix are given proposed 
revisions in certain standards and ten- 
tatives covering textile materials, which 
are referred to earlier in this report. 
These standards and tentatives appear 
in their present form in the 1952 Book 
of ASTM Standards, Part 7. 


New TENTATIVES 


Committee D-13 recommends the 
following four methods for publication 
as tentative, as appended hereto:" 


Tentative Methods of Test for: 


Average Fiber Diameter of Wool Tops by 
Porous Plug Tester 

Alkali Solubility of Wool 

Relaxation and Felting Shrinkage in Laundering . 
of Stabilized Knit Wool Fabrics 

Testing and Tolerances for Yarns Containing 
Wool 


REVISION OF TENTATIVES 


Tentative Definitions of Terms Relating 
to Textile Materials (D 123 - 52 T): 
On the recommendation of Subcom- 

mittee B-2, the committee recommends 

that these tentative definitions be re- 
vised by inclusion of the following ad- 
ditional items: 

Break Factor, n—A measure of yarn strength 
calculated as (1) The product of breaking 
strength times indirect yarn number, or (2) 
the product of breaking strength times the 
reciprocal of the direct yarn number. 

Note 1.—Break factors are frequently based 


on skein strength expressed in pounds in 
the U.S.A. 


1The new tentatives were accepted by the Society 
and appear in the 1953 Supplement to Book of ASTM 
Standards, Part 7. 
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Notre 2.—Break factors for single strands 
measured in direct system yarn numbers, 
are directly related to Tenacity and to 
Breaking Length. 

Nore 3.—Break Factor is frequently given 
other designations as Strength Count 
Product, Lea Count Constant, Lea Prod- 
uct, Breaking Ratio, etc. 

Fiber, n: 1. General—A generic term for the 
various types of matter (natural or man- 
made) which form the basic elements of 
textile fabrics and other textile structures. 
Notre.—Examples include cotton (fiber), 

glass (fibers or filaments), rayon (fibers or 
filaments), silk (filaments), wool (fibers), 
etc. 

Filament.—Replace Note 1 following the defi- 
nition for Filament with the following: 

Note 1.—The extreme length of filaments 
permits their use as yarns with little or no 
additional twist and without the spinning 
operations required to convert fibers to 
yarns. 

Hank, n: 1. A synonym for skein. 
2. A definite length of slubbing, roving, or 
yarn. (The length depends on the yarn 
numbering system in use, for example, 
cotton hanks have a length of 840 yd.) 

. A term applied to slubbing or roving which 
is equivalent to the indirect yarn number 
(count), for example, a 1.5 hank roving. 

Lea, n: 2. A unit of length used to determine 
the linear density of various spun yarns, 
usually a predetermined fraction of a hank 
for a specific yarn number system; for example, 
for cotton—120 yd. 

Lea Skein, n: A skein having a length of 1 lea. 
Norte.—Lea skeins of a prescribed length and 

number of turns are used to determine the 
linear density and also the strength of 
yarns. 

Length, Breaking, n.—After the definition 
currently printed in ASTM Designation D 
123-52, add the following: “In Europe, 
breaking length is usually expressed in kilo- 
meters.” 
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Misdraw, n: Fabric Defect—A warp end that 
is not properly interlaced with the filling. 
Note.—Cause: A warp end drawn through 

the wrong heddle when drawing in the 
warp, or when repairing a broken end 
following a break during weaving. 

Reed Mark, n, Fabric Defect—A mark running 
warpwise in the cloth due to crowded dents, 
open dents (cracks), damaged reed or im- 
proper reed. 

Shiner, n, Fabric Defect—A streak caused by a 
lustrous filament yarn. 

Note.—Cause: The application of excessive 
tension to a yarn prior to, or during, its 
use in the loom. 

Staple, adj. and n.—Natural fibers or cut lengths 
from filaments. 

Norte 1.—The staple length of natural fibers 
varies from less than 1 in. as in some cotton 
fibers, to several feet for some hard fibers. 

Norte 2.—The term “Staple (Fiber)” is used 
in the textile industry to distinguish natural 
or cut length (fibers) from filaments. 

Sticker (Also—Hitch-back, Draw-back, Tie- 
back, or Warp Holding Place), Fabric De- 
fect, n—A distortion in the weave charac- 
terized by slack and tight places in the same 
warp yarns. 

Note.—Cause: Warp ends restricted by 
broken filament slubs or knots catching at 
lease rod, drop wires, heddles or reeds. 

Top, n: 1. Worsted Process, A sliver in which 
the fibers have been parallelized, and usually 
combed. 

2. Man-Made Fibers or Tow to Top Process.— 
A sliver obtained by drafting or twisting, 
along with breaking or cutting a multi- 
filament tow. 

Tow, n: Man-Made Fibers—A multifilament 
strand without twist and suitable for cutting 
into short lengths for use as staple fibers or 
as flock, or converting directly into a spun 
yarn. 


Yarn Unevenness: 


Linear Unevenness (LUE), n.—The non-uni- 
formity of the linear density of a continuous 
strand or portion of a strand. 

Norte.—An estimate of the non-uniformity 
of linear density is usually made from 
measurements of some other property of 
the strand, such as variations in compressed 
cross-sectional area, variations in profile 
(usually measured photoelectrically), or 
changes in capacity of a condenser of which 
the fiber forms part of the matter between 
the plates. 

Mean Linear 


Unevenness, (LUE), n.—The 


= 


average of the absolute values of the devia- 

tions of observed linear densities from the 

average linear density of a specific sample. 

Mean Linear Unevenness, per cent, (LUE%), 
n.—The mean linear unevenness calculated 
as a percentage of the average linear density 
of a specific sample. 

Note 1.—Mean Linear Unevenness, per cent, 
is usually measured by integrating meters 
or calculated from planimetered areas of 
an unevenness chart or an equivalent 
method. 

Note 2.—Current expressions having an 
equivalent meaning are: Per Cent Mean 
Deviation and Average Variation. 

Mean Range Unevenness, per cent, (RUE%), 
n.—The average of the ranges of linear 
density found in consecutive units of equal 
length of a strand, calculated as a percentage 
of the average linear density. 

Note 1.—The term “Mean Range Uneven- 
ness, per cent” should be used for the 
result of the so-called “Hi-Lo” chart method 


in which RUE% is calculated from the 
average of maxima and average of minima 
of consecutive units of equal length and the 
average linear density. 

Note 2.—The value obtained in this method 
of evaluation depends upon the length of 


the consecutive units used. The RUE% 
will increase as this length increases up to 
a point beyond which increased length has 
a negligible effect. When results are quoted, 
the length within which the range is meas- 
ured should be noted along with the figure 
for RUE%. 

Note 3.—Current expressions having an 
equivalent meaning are: Per Cent Uneven- 
ness and Per Cent Non-Uniformity. 

Standard Deviation Linear Unevenness, (SLUE), 
n.—A quantitative measure of dispersion of 
linear density within a sample; the square 
root of the average of the squares of the 
deviations of linear density from the average 
linear density. 

Note.—Standard Deviation Linear Uneven- 
ness is usually calculated from readings 
obtained from integrating meters which 
give the mean square deviation of the 
linear density from the average linear 
density of the sample. 

Coefficient of Variation of Linear Unevenness, 
(VLUE), n.—A relative measure of dispersion 
of linear density within a sample; the standard 
deviation of the linear density expressed as a 
percentage of the average linear density. 

Warp, n: 1. The yarn running lengthwise in a 
woven fabric, 


RECOMMENDATIONS AFFECTING STANDARDS FOR TEXTILE MATERIALS 447 


2. A group of yarns in long lengths and ap- 
proximately parallel, put on beams or 
warp reels for further textile’ processing 
including weaving, knitting, twisting, dye- 
ing, etc. 

Warp, Ball, n.—A warp put up in the form of a 
ball instead of on a beam. 


Tentative Specifications and Methods of 
Test for Fineness of Wool Tops 
(D 472-50 T): 


The committee recommends that this 
tentative be revised as follows: 

Table I.—Change to read as shown 
in the accompanying Table I. 


Wool Fiber Present In Wool In The — 
Grease.” 

Section 1.—Insert “fiber” before “‘con- 
tained.” 

Section 2.—Change the beginning of 
this Section to read: 2. Wool Fiber 7 
Content—The total wool fiber content — 
of a sample shall be... .” 

Section 5.—Add as a new Note 4 the 
following: 


Note 4.—If “clean content” (see Note — 
following Section 17) also is to be calculated, : 
loss of vegetable matter at any stage of the test _ 
must be avoided. 


TABLE I.—PROPOSED REQUIREMENTS FOR WOOL TOPS.* 


Grade 80’s | 70’s | 64’s | 62’s | 60’s 


Fineness range, mi- 


crons: 
Average diameter, 
18.1) 19.6 


21.0 


21.1 
22.5 


24.1 


min. 
Average diame ter, 
25.5 


ma 
per ‘ce nt: 
10 to 25 microns, 


25.1 and over, mi- 
crons, max... ..... 9 17 
30.1 and over, mi- 
1 3 8 14 20 
40.1 and over, mi- 
1 1 2 
50.1 and over, mi- 
MAAE......... 
60.1 and over, mi- 


Minimum number of 
rs required for 


58’s | 56’s | 54’s | 50’s | 48’s | 46’s 


25.6) 
27.0 


test, per sample..... 400 | 400 | 600 | 600 | 800 


800 | 1000 


40’s | 36’s 


27.1) 28.6) 30.1 


31.7 


37.1 
38.9) 


25 32 38 46 56 


1000 (1000 |1600 (1600 |1600 /1609 


should not exceed 100 per cent. 


Tentative Methods of Testing and 
Tolerances for Rayon Tire Cord (D 
885 — 46 T): 

The committee recommends that these 
methods be revised as appended hereto.” 


Tentative Methods of Test for Clean 
Wool Content of Wool in the Grease 
584-527): 
The committee recommends that this 
tentative be revised as follows: 
Title—Change to read as follows: 
“Tentative Methods of Test for Total 
~~ 2 The revised methods were accepted by the Society 


and appear in the 1953 Supplement to Book of ASTM 
Standards, Part 7. 


fibe 
1600 
* The minor percentage group is a part of, and not in addition to, the first maximum group. The combined group® : 


Section 6.—Change “Hard Scoured 
Wool Content” to ‘Total Wool Fiber 
Present.” 

Section 9—In the last sentence of 
Paragraph (6) omit “residual.”’ Change 
the beginning of Paragraph (f) to read: 
“(f) Vegetable Matter—Determine the 
percentage of oven-dry, ash-and-extrac- 
tives-free vegetable matter in the....” | 

Section 10.—Throughout this section, 
change “clean wool content” to “wool 
fiber content.” (There are seven such 
changes.) 

In the definitions of the symbols 


| 
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“Vy” and “Vi, V2, V3” insert “oven- 
dry, ash-and-extractives-free” before 
“vegetable matter.” 


Sections 11, 16, and 17.—Change 
“clean wool content” to “wool fiber 
content.” (There are seven such 
changes.) 


Note.—Add the following new Note: 


Note.—For import-duty purposes, the term 
“clean content” of wool as defined by the Bureau 
of Customs means the yield of clean wool, 
adjusted to standard conditions (Section 3), 
that is obtainable from imported wool or hair 
when cleansed by usual commercial methods. 
The term does not include the weight of any 
wool fibers unavoidably lost or rendered unusable 
in the course of ordinary commercial cleansing 
operations. 

To obtain the percentage of clean content 
from the percentage of total wool fiber present 
as determined by this method (or an equivalent 
method), the Bureau of Customs deducts an 
allowance for estimated average wool fiber loss, 
calculated as follows: 


L=0.005C+06VM........ (5) 
where: 

L_ = allowance for wool fiber loss, as a per- 
centage of the greasy weight, to be 
deducted from C, 

C = percentage of wool fiber content (from 


Eq. 4), and 
VM = percentage of vegetable matter, adjusted 
to standard condition (Section 3), 
present in the wool in the grease. 
For the calculation of VM from Vi, V2, 
Vs, Vr (Section 10), Eq. 6 may be used, as 
follows: 


W2(PiVi + + PsVs + 
0.86W(W; + W2+Ws+ ---) 


PrVr 
+ 
Tentative Methods of Core Sampling 
of Wool in Packages for Determina- 
tion of Percentage of Hard Scoured 
Wool Content (D 1060-49 T): 


VM = 


(6) 


The committee recommends that this 
tentative be revised as follows: 
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Title—Change “Hard Scoured Wool 
Content” to “Total Wool Fiber Present.” 

Section 1.—Change the first sentence 
to read as follows: “These methods of 
sampling are intended for use in obtain- 
ing a sample of a lot of wool in bales or 
bags for the determination of the per- 
centage of wool fiber content by the 
Tentative Methods of Test for Total 
Wool Fiber Present in Wool in the 
Grease (ASTM Designation: D 584),? 
or an equivalent method.” 

Sections 2, 3, 4, 5—Wherever the ex- 
pression “hard scoured wool content” 
appears, change to “wool fiber content.” 


Tentative Recommended Practice for 
Designation of Yarn Construction (D 
1244-52T): 


The committee recommends the 
following revisions in this recommended 
practice: 


Section 3—Number the examples il- 
lustrating the symbols used to designate 
structure in Section 3, and now printed 
after Sections 3(a), (b), (c), (d) and 
(e), and print all of them at the end of 
Section 3, and add appropriate references 
at the end of the individual paragraphs 
in Section 3. 

After Paragraph (e) add the following 
examples: 


Examples: 

1. Cotton Count (Br.) 24:Z15 tpi 

2. Cotton Count (Br.) 24:Z15 / 2:S8 tpi 

3. Worsted Count 50:Z17 / 2:S11 tpi 

4. Grex Units 325:Z12 x 2:S13.5 tpi 

5. Cotton Count (Br.) 23:20 / 5:Z18 / 3:S14 tpi 
6. Worsted Units 50/2 

7. Cotton Count (Br.) 23/5/3 

8. Cotton Count (Br.) 24:Z17 / 5:S13 tpi 
9. Denier Units 150:S3 x 3:27 tpi 

10. Cotton Count (Br.) 24:Z17 / 5:S17 tpi 


This revision is proposed because it is 
not possible to illustrate only a single 


3 1952 Book of ASTM Standards, Part 7. 


7 
| 

— 


rule in an example and some of the 
first examples included the use of 
symbols covered by rules which are 
given in later paragraphs. 

Section 4(a).—Add the following new 
Paragraph (3), renumbering the re- 
maining ones accordingly: 

(3) Where the single yarn designated is a 
spun yarn made from man-made fibers, the 
average linear density and length of the fibers 
shall be indicated. When these properties are 


known for natural fibers, they shall be indicated 
in a similar manner. 


Examples: 

1. Cotton Count (Br.) 24:Z15 Cotton 15/16” 
staple 

2. Cotton Count (Br.) 30:Z18 tpi Bright Ray- 
on 1.5 d/f, 1.5” long 

3. Grex 200:S 16 tpi Acetate 3.3 d/f, 3” long 

Revise Paragraph (3) renumbered as 
(4) to read as follows: 


(4) If the single yarn has been spun from 
two or more fiber types (a blended yarn) the 
nominal percentage of the different fibers shall 
be noted after the conventional designation, and 
enclosed in parentheses. When known, the 
average linear density and length of the fibers 
shall be noted also. 


Example: Worsted 45:S17 (wool 80%, 58’s and 
dull acetate count 20%, 1.5 d/f, 3” long) 


The above revised Sections 4(a) (3) 
and (4) are proposed to cover details of 
the length and average linear density 
of the fibers used in the manufacture of 
the spun yarns. 


TENTATIVE REVISION OF STANDARD 


Standard General Methods of Testing 
Woven Fabrics (D 39 - 49): 


The committee recommends the 
following tentative revision of this stand- 
ard: 

Section 10(b).—Change the third sen- 
tence to read as follows: 


The face of one jaw of each clamp measure 
1 by 1 in. or 1 by 2 in., the longer dimension 
being parallel to the direction of the application 
of the load. The other jaw of each clamp shall 


be at least the same dimensions as stated above. 
Each set of jaws of each clamp, and the two 
clamps, shall be in line. 


ADOPTION OF TENTATIVES AS STANDARDS 


Tentative Definitions of Terms Re- 
lating to Textile Materials (D 123 - 
52 T): 


On the recommendation of Subcom- 
mittee B-2, the committee proposes that 
the definitions for the following 21 items 
now appearing in Tentative Definitions D 
123-52 T be approved for submission 


to letter ballot of the Society for adop- — 


tion as standard: 


1. Crimp, 12. Tensile Test, 
2. Fiber Number, 13. Tex Unit, 
3. Filament, 14. Weight, Commer- 
4. Filament Number, cial, 
5. Fineness, 15. Weight, Moisture- 

free, 
6. Grex Unit, 16. Wool, 

- 17. Yarn, Blended, 

7. Load, Breaking, 18. Yarn-Numbering 
8. Moisture, Systems—Grex, 
9. Pick Count, Metric, and Tex, 
10. Pre-tension, and 
11. Skein, Numbering, 19. Yarn, Single. 


The following editorial changes are 
recommended in two of the items listed 
above: In Item 15, Weight, Moisture- 
free, in the last line insert a comma after 
the word “lot.” In the definition for 
Yarn, Blended, change the cross-refer- 
ence to read (See also Yarn, Combina- 
tion and Yarn, Self-blended). In the 
example following Yarn, Blended, change 
the word “synthetic” to “man-made.” 

It is also recommended that the 
definitions for the following items cur- 
rently printed in Tentative Definitions D 
123-52 T be printed in the Glossary 
given as Appendix I of Standard D 123: 


. Flock, 

. Merino, 

. Twist, Set, and 7? 
. Twist, Zero. 
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Tentative Methods of Test for Apparent 
Fluidity of Dispersions of Cellulose 
Fibers (D 539 - 51 T), 


Tentative Methods of Testing Bonded 
Fabrics (D 1117 - 50 T), and 


Tentative Methods of Testing Twine 
(From Bast and Leaf Fibers) (D 1233 - 
52 T): 

The committee recommends that these 
three tentatives be approved for refer- 
ence toletter ballot of the Society for adop- 
tion as standard without revision. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


Standard Definition of Terms Relating 
to Textile Materials (D 123-52): 
The committee recommends for im- 

mediate adoption changes in the defini- 

tions for “Barré” and “Crack” which 
currently appear in Appendix II on 

Defects in Woven Fabrics, of Standard 

D 123-52, and the following editorial 

changes in the definitions for Filling, 

Pulled-in and Slug: 


Barré, n.—A striped effect in a fabric caused 
by a series of one or more picks which are char- 
acterized by an apparent difference in color or 
luster that is repeated at intervals in the warp 
direction. The effect may be a real difference in 
color or luster, or only an apparent difference 
due to fabric geometry. 

Crack (Also Open Dent), m.—An open streak 
of variable length parallel with the filling or 
with the warp. 

Filling, Pulled-in—Add the following al- 
ternatives after the current title: (Also; Filling, 
Jerked-in; Filling, Whipped-in; and Filling, 
Dragged-in.) 

Slug, after the title insert the following 
alternative: (Also Slub). 

Delete from Appendix II the definition, 
causes and picture for Item 4, Cracked or Open 
Dent. Number item 5 as item 4 and change all 
subsequent numbers accordingly. 


Standard Methods of Testing and 
Tolerances for Certain Wool and 
Part Wool Fabrics (D 462 — 52): 
The committee recommends the 

following revision of this standard for 
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immediate adoption and accordingly 
asks for the necessary nine-tenths favor- 
able vote at the Annual Meeting for 
submission of this recommendation to 
letter ballot of the Society: 


RELAXATION AND FELTING SHRINKAGE TEST 


16.(a) Scope.—This method of test is designed 
for testing the relaxation and felting shrinkage 
of woven wool and part wool fabrics. 


(b) Principle—Marked specimens are 
sprayed with water, extracted, dried by pressing, 
and measured to determine relaxation shrinkage. 
The same specimens are then washed in a 
machine under controlled conditions, extracted, 
dried by pressing, and again measured to de- 
termine total shrinkage. Total shrinkage less 
relaxation shrinkage equals felting shrinkage. 


(c) Apparatus and materials: 


(1) Cylindrical Washing Machine, of the 
reversing type.‘ The wheel or cage shall be 
20 to 24 in. in inside diameter, and 20 to 24 
in. in inside length. There shall be three 
fins, each approximately 3 in. wide, extending 
the full length of the inside of the wheel. 
One fin shall be located every 120 deg around 
the inside diameter of the wheel. The wash 
wheel shall rotate at a speed of 30 rpm, 
making 5 to 10 revolutions before reversing, 
and shall be equipped with a pipe for injecting 
live steam to raise the temperature of the 
water in the machine. The machine shall 
contain an opening for the insertion of a 
thermometer or other equivalent equipment 
for determining the temperature of the 
water during the washing and rinsing pro- 
cedures. It shall also be equipped with an 
outside water gage that will indicate the level 
of the water in the wheel. 


(2) Flat-Bed or Steam Press,’ having a 
steam pressure of 60 psi. 


(3) Soap, conforming to the Standard 
Specifications for Chip Soap (ASTM Desig- 
nation: D 496). Stock solution, containing 
1 lb of chip soap to 1 gal of water, may be 
used. 


4 Washing machines of this type may be obtained from 
the American Laundry Machine Co., Cincinnati, Ohio; 
Robert Ewing & Sons Co., Green Island, N. Y.; and 


the Prosperity Co., Syracuse, N. Y. ; 

5 Suitable pressing equipment is obtainable from the 
General Electric Co., Schenectady, N. Y.; Young & Frank- 
lin Tool Work: 
the Prosperity 
Pawtucket, R. I. 


107 N. Franklin St., Syracuse, N. Y.; 
‘o., Syracuse, N. Y.; and the Pantex Co., 


—— 
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(4) Marking Device and Graduated Scale, 
for measuring shrinkage. 


(d) Test Specimens.—The specimens of cloth 
taken for test shall be at least 20 in. square. 
The specimens shall be fully conditioned in a 
standard atmosphere having a relative humidity 
of 65 + 2 per cent at 70 + 2 F (21 C), as pre- 
scribed in Method D 39. They shall be laid out 
without tension on a flat, hard surface, care 
being taken that the cloth is smooth and free 
from wrinkles or creases. Three distances, each 
of 18 in., shall be marked off on the specimens 
in both the warp and filling directions by the 
marking device. Satisfactory marks may also 
be made with indelible ink and a fine-pointed 
pen, or by sewing fine threads into the cloth. 
The distances shall be parallel to the warp or 
filling threads, at least 6 in. apart, and at least 1 
in. from all edges of the specimen. 

(e) Procedure for Determination of Relaxation 
Shrinkage.—The test specimen, after marking, 
shall be placed in a sink or similar apparatus 
of such shape and size as to allow the specimen 
to be laid flat without folding. Then the speci- 
men shall be thoroughly saturated by spraying 
with water at a temperature of 75 to 85 F 
(24 to 29 C), using an ordinary garden hose and 
nozzle with the nozzle adjusted to a spray posi- 
tion. It is essential in the spraying operation to 
prevent undue distortion of the specimen, such 
as would result from picking up the wet fabric 
by one corner. Therefore, the best method of 
handiing the wet fabric is by turning in the 
edges and corners of the specimen, and picking 
it up as a ball. After spraying, the specimens 
shall be hydroextracted with as little distortion 
as possible. After extracting, each specimen shall 
be opened on the buck of the press without any 
stretching, and pressed dry. The pressed speci- 
mens shall be laid out without tension on a flat, 
hard surface, care being taken that the cloth is 
smooth and free from wrinkles or creases, and 
allowed to fully recondition at standard atmos- 
pheric conditions. The distances which were 
marked off (see Paragraph (d)) shall then be 
measured again. The shrinkage in the warp and 
in the filling directions of the cloth shall be 
calculated separately as the average obtained 
from the three marked distances. The change in 
dimension shall be measured with the steel 
scale, graduated directly in percentage, and the 
result shall be recorded as relaxation shrinkage. 

(f) Procedure for Determination of Felting 
Shrinkage-—The same specimens, and such 


additional cloth as may be necessary to make a’ 


¢A mechanical marking device and graduated scale 
may be purchased through the Sanforizing Div., Cluett- 
Peabody & Co., Inc., Troy, N. Y. 


3-lb load, shall be placed in the wash wheel. The 
required amount of water at 100 F (38 C) and 
of soap shall then be added for the sudsing 
operation. A 7 in. water level shall be used for 
both sudsing and rinsing operations, and the 
amount of soap used shall be sufficient to produce 
a head of suds at least 1 in. high. In general, the 
average strength of the soap solution shall be 
about 0.1 per cent. The wash wheel shall be 
kept running continuously for 75 min. from the 
start of the test, and the temperature of the 
wash liquor shall be maintained at 100 F during 
the 75-min sudsing operation. The washer shall — 
then be stopped and drained. The wheel shall 

be filled with the necessary amount of clear 
rinsing water at 100 F and run for 5 min. The 
machine shall be stopped again, drained, and 
the rinsing operation repeated. After the final — 
rinse the wash wheel shall be drained, and the | 
specimens transferred to the centrifuge, each — 
one handled as a ball. The specimens shall then 
be extracted and pressed, as described under the © 
procedure for relaxation shrinkage (Paragraph 
(e)). The pressed specimens shall be laid out | 
without tension on a flat, hard surface, care 
being taken that the cloth is smooth and free — 
from wrinkles or creases, and allowed to fully 
recondition at standard atmospheric conditions. — 
The distances which were marked off shall be 
measured again as described in Paragraph (e), — 
in order to determine total shrinkage. Total — 
shrinkage less relaxation shrinkage equals 
felting shrinkage. 


ADOPTION AS STANDARDS OF TENTATIVE 
REVISION OF STANDARDS 


The committee recommends that the _ 
tentative revision* of Sections 8 (e) 
and 14 (a) of the Standard Methods of 
Testing Felt (D 461-51) be approved - 
for submission to letter ballot of the 
Society for adoption. 

The committee recommends that the 
tentative revision? of the Standard 
Specifications for Textile Testing Ma- — 
chines (D 76 - 49) which covers proposed _ 
changes in Section 2 on Classes of 
Machines, in Section 3 on Machine 
Operation, and a new Section 8 on 
Machine Operation for Constant-Rate- 
of-Specimen-Extension Tests be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of the Standard Specifications 
and Methods of Test for Osnaburg 
Cement Sacks (D 205 — 39). 


WITHDRAWAL OF TENTATIVES 
The committee recommends that the 
Tentative Methods of Test for Identi- 


fication of Finishes on Textiles (D 683 - 
42T) be discontinued as tentative and 
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reverted to the status of a proposed 
method and published as information. 
The committee also recommends with- 
drawal of the Tentative Specifications 
and Methods of Test for Woolen Yarns 
(D403 - 48T) and for Worsted Yarns 
(D 404—48T) which are being replaced 
by the Tentative Methods of Testing and 
Tolerances for Yarns Containing Wool.’ 
~The new tentative was accepted by the Society 
ASTM 


and appears in the 1953 Supplement to Book of 
Standards, Part 7. 


s 
| 
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Committee D-14 on Adhesives held 
two meetings during the year, one at 
ASTM Headquarters in Philadelphia, 
Pa., on October 30 and 31, 1952, and one 
in Cincinnati, Ohio, on April 9 and 10, 
1953. 

At the present time, Committee D-14 
consists of 96 members, of whom 35 are 
classified as producers, 39 as consumers, 
and 22 as general interest members. 
There are also 3 consulting members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-14 presented the 
revision of Tentative Method of Test for 
Strength Properties of Adhesives in 
Shear by Tension Loading (Metal-to- 
Metal) (D 1002 - 49 T) to the Society 
through the Administrative Committee 
on Standards. This revision was ac- 
cepted by the Standards Committee on 
March 17, 1953.1 

On May 20, 1953, the Administrative 
Committee on Standards accepted the 
following definitions as a tentative revi- 
sion of the Standard Definitions of Terms 
Relating to adhesives (D 907 — 52): 


Plasticity—In the case of adhesives, a prop- 
erty which allows the material to be deformed 
continuously and permanently without rupture 
upon the application of a force that exceeds the 
yield value of the material. 

Primer—In the case of adhesives, a coating 
applied to a surface, prior to the application of 
the adhesive, to improve the performance of 
the bond. 


* Presented at the ver. sixth Annual Meeting of the 
Societ iety, June 28-July 3, 
he revised meth md a in the 1953 Supple- 
ment to Book of ASTM Standards, Part 7. 
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New TENTATIVE 


Committee D-14 recommends the 
publication of a new Tentative Method 
of Test for Effect of Mold Contamina- 
tion on Permanence of Adhesive Prepara- 
tions and Adhesive Bonds, as appended 
hereto.? 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
Tentative Method of Test for Blocking 
Point of Potentially Adhesive Layers 
(D 1146 — 51 T)* be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status without revision, 
pending further evaluation work and 
study: 


Recommended Practice for: 


Determining the Effect of Artificial (Carbon- 
Arc Type) and Natural Light on the Perm- 
anence of Adhesives (D 904 — 46 T), 

Determining Strength Development of Adhesive 
Bonds (D 1144-51 T), and 

Determining the Effect of Moisture and Tem- 
perature on Adhesive Bonds (D 1151 - 51 T). 

Method of Test For: 

Consistency of Adhesive (D 1084 - 50 T), 

Effect of Bacterial Contamination on Perm- 
anence of Adhesive Preparations and Ad- 
hesive Bonds (D 1174 - 51 T), 

Resistance of Adhesives for Wood to Cyclic 
Accelerated Service Conditions (D 1183 - 
51 T), and 

Strength to Adhesives on Flexual Loading 
(D 1184 - 51 T). 
2The new tentative was accepted by the Society 

and appears in the 1953 Sivelament to Book of ASTM 


Standards, Part 7 
3 1952 Book of ASTM Standards, Part 7. 
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“3 The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
_ which will be reported at the Annual 
Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
(C. B. Hemming, chairman) has been 
greatly interested in a method of butt- 
joint tension testing presented under the 
Section on Tensile Strength. Not only is 
the method suited for round or square 
specimens, but it can be modified for 
other types of test. Extensive revision 
of Method D 1184-51 T is under way by 
the Section on Flexural Strength. 

Subcommittee II on Analytical Tests 
(C. K. M. Winne, chairman) is trying 
to get sufficient data together to de- 
termine the best modification of a method 
of determining the nonvolatile content 
of urea resin adhesives. 

Subcommittee III on Permanence (R. 
F. Blomquist, chairman).—The Section 
on Cyclic Tests is working on revisions 
of Method D 1183-51 T. The subcom- 
mittee recommended that Recommended 
Practices D 1151-51 T and D 904-46 T 
be retained as tentatives, since it was 
believed that neither of these has as yet 
been extensively used. The method on 
mold effect, appended hereto,? has been 
presented by the Section on Biological 
Factors. 

A questionnaire has been mailed to 
_ the members of Committee D-14 by the 
Section on Correlation, Long and Short 
Term Tests, to enlist assistance. 

Subcommittee IV on Working Qualities 
(M. Petronio, chairman).—The Section 
on Consistency and the Section on 
Storage and Working Life have each 
submitted two methods for letter ballot 
of Committee D-14. All four of these 
methods are currently being revised 
for resubmittal to the committee. The 
Section on Tack and Blocking has been 

‘4 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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instructed to submit a method on tack 
to the subcommittee. 

Subcommittee V on Specifications (F. 
H. Bair, chairman).—The Section on 
Acoustical Materials asked that Com- 
mittee D-i4 arrange if possible a joint 
jurisdiction with Committee C-20 on this 
subject. A Section on Wood Adhesives 
plans to start work on adhesives for 
marine laminants, where appreciable 
interest exists. A Section on Sampling 
and Inspection has been established. 

Subcommittee VI on Nomenclature (F. 
W. Reinhart, chairman).—Definitions 
of the two terms “plasticity” and : 
“primer” have been approved by the | 
subcommittee and are now before the 
Administrative Committee on Stand- 
ards. The cooperation of Committee 
D-7 on Wood has been requested on the 
nomenclature relating jointly to wood 
and adhesives. 

Subcommittee VII on Research (R. D. 
Platow, chairman).—Mr. Alan A. Marra 
of the University of Michigan discussed | 
at the 1952 Fall Meeting some aspects | 
of his work in the study of wood-to- | 
wood gluing. This was of such interest 
that he was asked to continue on this 
general subject at the 1953 Spring Meet- 
ing. 

Subcommittee VIII on Electrical Prop. 
erties (H. A. Perry, chairman).—A pro- 
posed tentative method of test for ad- 
hesives relative to their use as electrical 
insulation has been recommended for 
letter ballot of Committee D-14. 


This report has been submitted to 
letter ballot vote of the committee, 
which consists of 96 voting members; 
74 members have returned their ballots, 
of whom 60 have voted affirmatively 
and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
GERALD REINSMITH, 
Chairman. 
L. M. Perry, 
Secretary. 
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Committee D-15 on Engine Anti- 
freezes held two meetings during the 
year: the first in New York, N. Y., on 
October 17, 1952, and the second in 
Washington, D. C., on April 8, 1953. 
The Advisory Committee and sub- 
committees have held meetings con- 
currently. 

There have been four resignations and 
four additions to the list of committee 
members during the year. At present the 
committee is composed of 41 active 
voting members, of whom 20 are classi- 
fied as producers, 9 as consumers, and 
12 as general interest members. 

The following changes in subcom- 
mittee chairmanships occurred during 
the year: N. W. Faust vice J. D. Klinger 
as chairman of Subcommittee II on 
Antifreeze Field Testers; O. W. Chandler 
vice P. I. Emch as chairman of Sub- 
committee V on Effect of Antifreeze on 
Rubber Hose, also A. E. Williams re- 
placed E. F. Miller as the liaison member 
on this Subcommittee V with Subsection 
III-B on Coolant System Hose of the 
SAE-ASTM Technical Committee on 
Automotive Rubber of Committee D-11; 
Gus Kaufman vice R. E. Mallonee as 
chairman of Subcommittee VIII on 
Editorial and Coordination of Test 
Methods. 


New TENTATIVE 


Committee D-15 recommends that the 
Method of Test for pH of Concentrated 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 


Engine Antifreezes be accepted for 
publication as tentative, as appended 
hereto.! 


ADOPTION OF TENTATIVES AS STANDARD 


Committee D-15 recommends that the 
following two tentative methods be 
adopted as standard without revision: 


Tentative Methods of Test for: 

Boiling Point of Engine Antifreezes (D 1120- 
51 T),? and 

Specific Gravity of Concentrated Engine Anti- 
freezes by the Hydrometer (D 1122 - 50 T).? 


REVISION OF TENTATIVES 


Tentative Specifications for H ydrometer- 
Thermometer Field Tester for Engine 
Antifreezes (D 1124-50 T).2—The com- 
mittee recommends the following revision 
of these specifications: 

Section 10(a). Revise the first sentence 
to read: “Determine the accuracy of the 
antifreeze tester freezing protection read- 
ings by comparison with solutions of the 
type or individual products, or both, 
of antifre or antifreezes of known 
freezing puint for which the tester is 
designed.” 

Tentative Method of Test for Ash 
Content of Concentrated Engine Anti- 
freezes (D1119-50T).2—The com- 
mittee recommends the following re- 
vision of this method: 


1The new tentative was accepted by the Societe 
and appears in oe 1953 Supplement to Book of AS 
Standards, Part 5. 
2 1952 Book of ASTM Standards, Part 5. 
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Section 4. Add a note under Paragraph 
(c) to read as follows: 


Note.—If desired, muffle furnace ignition 
may be used in place of the Meker burner. If 
a muffle furnace is used, proceed as specified 
in Section 4(a) and (6), and then complete the 
procedure as follows: When the liquid has been 
distilled or burned off, and the crucible appears 
dry, transfer the crucible to a muffle furnace 
(to prevent losses from spattering due to rapid 
burning or volatilization of traces of volatile 
constituents which may remain, the muffle 
furnace should be below 200 C when this transfer 
is made). Raise the temperature at the maxi- 
mum rate to between 750 and 900 C and ignite 
for 1 hr. Cool the crucible, cover, and weigh to 
the nearest 0.1 mg. Then proceed as specified 
in Section 4(d). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The Committee recommends that the 
following four tentative methods be 
continued as tentative without revision: 


Tentative Methods of: 


Sampling and Preparing Aqueous Solutions of 
Engine Antifreeze for Testing Purposes (D 
1176-51 T), 

Test for Freezing Point of Aqueous Engine 
Antifreeze Solution (D 1177 - 51 T), 

Test for Reserve Alkalinity of Concentrated 
Engine Antifreezes (D 1121-50 T), and 

Test for Water in Concentrated Engine Anti- 
freezes by the Iodine Reagent Method 
(D 1123 - 50 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Freezing Point 
Determination (R. E. Mallonee, chair- 
man) has continued consideration of 
thermometers for use with the freezing 
point method in cooperation with Sub- 
committee 17 on Thermometers of 
ASTM Committee E-1 on Methods of 
Testing. 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 


REPORT OF COMMITTEE D-15 


Subcommittee II on Antifreeze Field 
Testers (J. D. Klinger, chairman) has 
recommended a minor change in Method 
D 1124-50T to indicate plainly that 
the precision applies only to the product 
for which the tester is designed. In 
addition, consideration is being given to 
instructions or precautions in the use of 
the tester. 

Subcommittee III on Physical Proper- 
ties (R. E. Vogel, chairman) reviewed 
the experience with Methods D 1120- 
51 T, Test for Boiling Point of Engine 
Antifreezes, and Method D 1122-50 T, 
Test for Specific Gravity of Concentrated 
Engine Antifreezes by the Hydrometer, 
and found them satisfactory for adoption 
as standard. Methods for determining 
the solubility of engine antifreezes in 
water have been studied. 

Subcommittee IV on Chemical Proper- 
ties (E. G. Travis, chairman) completed 
work on, and recommended for publica- 
tion as tentative, the procedure for the 
Determination of pH of Engine Anti- 
freeze referred to previously. As a result 
of work done in the committee, a re- 
vision of the Method of Test for Ash 
Content of Concentrated Engine Anti- 
freeze (D1119-50T) to permit the 
alternate use of a muffle furnace in the 
ashing step was recommended as in- 
dicated above. Preliminary screening 
work on procedures for the determination 
of total solids of engine antifreezes was 
carried out and a study group to further 
the investigation was formed. A project 
for the development of methods for de- 
termining individual glycols or glycol 
types present in glycol engine antifreeze 
was activated. A study group to deal with 
this problem was formed, but active work 
had not been started at the time of the 
preparation of this report. 

Subcommittee V on Effects of Antifreeze 
on Rubber Hose (O. W. Chandler, 
chairman) is continuing in the attempt 
to a simple rubber 


— 


immersion test for the evaluation of this 
property. The results of the -previous 
two series of tests by the SAE-ASTM 
immersion test have been critically 
evaluated. Poor correlation with field 
service was indicated. A third series of 
tests on two modifications of the SAE- 
ASTM procedure is being undertaken. 
The modified tests are being run in an 
effort to obtain closer approach to 
field service conditions. 

Subcommittee VI on Simulated and 
Actual Service Testing (E. F. Harford, 
chairman).—The Study Group on Cor- 
rosion and Foaming Test Methods (C. 
H. Sweatt, chairman) has completed the 
series of cooperative shake-down tests 
on evaluation of several variables with 
the glassware corrosion test apparatus. 
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The optimum conditions with respect to 
test duration, corrosion coupon spacing, 
temperature, aeration rate, and solution 
volume have been determined. Cooper- 
ative tests with these optimum con- 
ditions in about a dozen laboratories 
with five coolants have been planned. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 41 voting members; 32 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 

the committee, 7 
al H. R. Wotr, 

Chairman. 

C. F. GRAHAM, © 

Secretary. 2 


Committee D-17 on Naval Stores held 
one meeting during the year: on June 
26, 1953, at New York, N. Y. No 
separate subcommittee meetings were 
held, but the work of each subcommittee 
was reported by the chairman and fully 
discussed by all members during one 
general committee meeting. 

Since the immediate objectives of 
Subcommittees III on Volatile Oil in 
Rosin and VI on Pine Tar and Tar 
Oil have been accomplished by the 
adoption of standard methods of test, 
these two subcommittees were placed 
in temporarily inactive status. 

The committee has lost two members 
by resignation, namely, A. L. Brogden, 
Turpentine and Rosin Factors, Inc., 
representing the producers, and L. B. 
Parsons, Lever Bros. Co., who was a 
consumer representative but whose com- 
pany no longer uses rosin. 


RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-17 presented to the 
Society through the Administrative 
Committee on Standards proposed Ten- 
tative Methods of Test for Rosin Acids 
in Fatty Acids. The methods were 
accepted by the Standards Committee 
on September 23, 1952, and they appear 
in the 1952 Book of ASTM Standards, 
Part 4, bearing the designation D 1240- 
52 T. 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 29-July 3, 1953. 
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ADOPTION OF TENTATIVE AS STANDARD 


Committee D-17 recommends that 
the Tentative Methods of Testing Rosin 
Oils (D 1131 - 50 T)! be approved for 
reference to letter ballot of the Society 
for adoption as standard, with addition 
of the following Note at the end of 
Section 9 on Volatile Matter: 


Note.—Wide deviations in the percentage 
of volatile matter in rosin oil may result when 
different types of ovens are used for this test. 
If a purchaser of rosin oil establishes a limit 
for volatile matter, the type of oven used, 
whether convection or forced draft, should be 
clearly indicated. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Method of Test for Unsaponi- 
fiable Matter in Rosin (D 1065-51 T) be 
continued as tentative without revi- 


_ sion. 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point of 
Rosin (J. M. Schantz, chairman).— 
Two members of the subcommittee have 
participated in the collaborative studies 
being made in Committees E-1 on 
Methods of Testing and D-4 on Road 
and Paving Materials, the purpose of 


1 1952 Book of ASTM Standards, Part 4. 

2 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at 
Headquarters. 
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which is to reach a basis for consolida- 
tion of the two ASTM Ring-and-Ball 
Softening Point Methods (D 36 - 26 and 
E 28 - 51 T), into a single ASTM stand- 
ard. Progress is also reported in the 
development of a procedure for preparing 
a ring sample of synthetic resins by a 
“powder press” method, where prelimi- 
nary melting to pour the ring mold is 
not possible. 

A letter of inquiry to the members of 
the subcommittee regarding collabora- 
tive test work on softening point of 
rosin by means of a penetrometer test, 
as used in Method D 5 - 49, or by the 
Dennis-Parr electrically heated bar,’ 
brought out the fact that such apparatus 
was not available to enough members 
of the committee to permit collaborative 
work at this time. It is hoped that data 
may eventually be obtained to show how 
the softening point of rosin by the 
Dennis bar method compares with the 
present standard ASTM ring-and-ball 
method. 

Subcommittee IV on Chemical Analysis 
of Rosin (R. Herrlinger, chairman).— 
Several members of this subcommittee 
have made further tests of the proposed 
separatory funnel method for determin- 
ing unsaponifiable matter in rosin.‘ 
A questionnaire developed the fact that 
seven members of the committee make 
occasional determinations of unsaponifi- 
able matter in rosin and have agreed to 
participate in further work, it being felt 
that a separatory funnel method should 
be made available as an ASTM standard, 
even if it is not as fully suited for referee 
application as is the continuous extrac- 
tion method. It was also felt by most of 
the collaborating members that the con- 
ditions under which the saponification 
of the rosin sample is carried out in the 
Methods of Test for Saponification 
Number of Rosin (D 464 — 51) should 


described Am. Soc. Testing 
Mats., Vol. 47, p. 474 (1947). 


4 Proceed: ‘ings, Am, os Testing Mats., Vol. 50, p. 391 
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also be followed in working out any 
procedure for determining unsaponifi- 
able matter by the funnel method, es- 
pecially since half normal alkali is used 
to saponify the rosin in the present 
Tentative Method of Test for Unsaponi- 
fiable Matter in Rosin (D 1065 — 51 T). 

Subcommittee V on Tall Oil (A. 
Pollak, chairman).—The details and 
description of the new method for rosin 
acids in refined tall oil (D 1240-52 T), 
referred to on the preceding page, ap- 
plicable to low rosin-acid oils, was pub- 
lished in the Journal of the American Oil 
Chemists Society, August, 1952. The au- 
thors, who are members of the subcom- 
mittee, will now participate and supervise 
further collaborative work, which, if the 
results are satisfactory, can be the basis 
for incorporation of this new method 
into the present Standard Methods of 
Testing Tall Oil (D 803 - 51), for use 
on tall oils of low rosin-acid content. A 
member of the committee has reported 
appreciable variation in the value for 
rosin acids in tall oil, by the present 
Modified Wolff Method, if the procedure 
followed in cooling and titrating after 
esterification is varied. Clarification of 
the language of the test, as given in 
Methods D 803, is being considered. A 
study of methods for determining quan- 
titatively the rosin content of varnishes 
is under way in a special task group of 
Subcommittee [IX on Varnish, of Com- 
mittee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

Subcommittee VIII on Rosin Oil (V. E. 
Grotlisch, chairman).—The subcommit- 
tee is recommending that the Tentative 
Methods of Testing Rosin Oils (D 1131 
— 50 T) be adopted as standard. In view 
of criticism of the instructions given for 
the determination of volatile matter, 
it is proposed to include a note in 
Section 9 of the method, as indicated 
above. 

Subcommittee X on Specifications (S. R. 
Snider, chairman).—The subcommittee 
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has recommended that the Proposed 
Specifications for Rosin be published 
as tentative as printed in the 1952 
Report of the Committee. Recommenda- 
tion is also made that the Specifications 
for Dipentene be also published as 
tentative. Due to divergence of opinion 
on the scope and definition of pine oil, 
this material will require further study 
and discussion by the full committee 
before a recommendation can be made 
thereon. 


[Note.—The committee at the 1953 meeting 
at Atlantic City voted to withold approval of 
these recommendations at this time, pending a 
further study of the advantages and disadvan- 
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tages to producers and consumers of having 
ASTM specifications for these naval stores prod- 
ucts.] 


This report has been submitted to 
letter ballot of the committee, which 
consists of 37 voting members; 27 mem- 
bers returned their ballots, of whom 
25 have voted affirmatively and 0 nega- 
tively. 

Respectfully submitted on behalf of 
the committee, 

V. E. Gror.iscu, 
Chairman. 


W. A. KirkKLIn, 
Secretary. 


Committee D-18 on Soils for Engineer- 
ing Purposes held its annual meeting at 
New York, N. Y., on June 27, 1952. 
An Executive Subcommittee meeting was 
held on January 11, 1953. 

Two symposiums were sponsored at 
the 1952 Annual Meeting of the Society. 
The first, entitled “Direct Shear Testing 
of Soils,” occupied one session and in- 
cluded seven papers. The second sym- 
posium on “Exchange Phenomena in 
Soils” occupied one session and consisted 
of five papers. All the papers and dis- 
cussions are being published by the So- 
ciety as special technical publications 
(STP Nos. 131 and 142). 

The following publications were spon- 
sored by the Committee and published 
during the past year by the Society: 


Surface and Subsurface Reconnaissance (STP 
No. 122), 

Consolidation Testing of Soils (STP No. 126), 

Direct Shear Testing of Soils (STP No. 131), 

Use of Radioisotopes in Soil Mechanics (STP 
No. 134), 

Exchange Phenomena in Soils (STP No. 142), 
and 

Bibliography on Soil Dynamics (STP No. 146). 


Committee D-18 now consists of a 
total membership of 125 individual 
members and 17 consultants. There are 
97 voting members, divided as follows: 
17 producers, 43 consumers, and 37 
general interest members. 

The death of Mr. Lawrence Ortolani, 
member of the committee, was an- 
nounced at the June meeting. 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3,1953. 
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.on the use of this apparatus. It is expected 


method may be indicated. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1952 Annual Meet 
ing, Committee D-18, jointly with Com 
mittee D-4 on Road and Paving Ma 
terials, presented to the Society, through 
the Administrative Committee on Stand- 
ards, proposed Tentative Specifications 
for Materials for Soil-Aggregate Sub- 
Base, Base, and Surface Courses. The 
specifications were accepted by the 
Standards Committee on September 5, 
1952 and appear in the 1952 Book of 
ASTM Standards, Part 3, bearing the 
designation D 1241 - 52 T. 


TENTATIVES CONTINUED 
WitHour REVISION 


The committee recommends that the 
following six tentatives, which have 
stood for 2 years or more without re- 
vision, be continued in their present 
status without change: 


Tentative Definition of Terms and Symbols 
Relating to Soil Mechanics (D 653 - 42 T).— 
Subcommittee G-3 is working on revisions. 

Tentative Method of Testing of Soil-Bitumi- 
nous Mixtures (D 915-47 T).—Study of this 
tentative method is desirable through the cor- 
relation of construction control and service per- 
formance records. The Joint Subcommittee of 
D-18 and D-4, which has jurisdiction over this 
tentative, will assemble data on the correlations. 

Tentative Method of Test for Shear Strength 
of Flexible Road Surfaces, Subgrades and Fills 
by the Burggraff Shear Apparatus (D 916- 
47 T).—Considerable data have been obtained 


that, when these data are correlated with the 
service behavior of the soils, a revision of the 
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Tentative Method of Test for Amount of 
Material in Soils Finer than the No. 200 Sieve 
(D 1140-50 T).—A letter ballot for the adop- 
tion as standard of this method will probably 
be recommended at the next meeting. 

Tentative Method for Static Loading Test of 
Piles (D 1143 - 50 T).—The committee recom- 
mends that this method remain as a tentative 
until practical experience indicates any necessary 
changes. 

Tentative Method of Test for Moisture 
Density Relations of Soils (D 698 —- 42 T). Re- 
visions of this tentative method are now in 
preparation by the originating subcommittee. 


WITHDRAWAL. OF TENTATIVES 


In view of the publication of the 
Tentative Specifications for Materials 
for Soil-Aggregate Sub-Base, Base, and 
Surface Courses (D 1241-52 T), which 
was accepted on September 5, 1952, 
Committee D-18 recommends the with- 
drawal of the Tentative Specification 
for Materials for Stabilized Base Course 
(D 556-40 T) and Tentative Specifica- 
tion for Materials for Stabilized Surface 
Course (D 557 - 40 T). 


SUBCOMMITTEE ACTIVITIES 


Subcommittee G-3 on Nomenclature and 
Definitions (Charles F. Foster, chair- 
man) held two meetings during the past 
year, in Denver on June 19, 1952, and in 
Vicksburg on March 9, 1953. The sub- 
committee has been following _ its 
original plan for each member to search 
the literature, record various definitions 
given by authorities, and recommend 
definitions and the symbols for the terms 
assigned to them. The work has been 
slow because the compilation of defini- 
tions for each term requires considerable 
research. The ASCE Committee on 
Definitions and Symbols compilation of 
some 600 terms has been furnished to 
all of the subcommittee members for 
review. It has been suggested that the 
final report be a joint effort of the ASCE 
and ASTM committees. It is planned 
that another subcommittee meeting will 
be held during the Annual Meeting of 
the Society to complete this review. 
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Subcommitiee R-2 on Sampling and 
Related Field Testing for Soil Investiga- 
tion (J. O. Osterberg, chairman).—The 
scope of the subcommittee activities 
has been broadened, as noted in title. 
The subcommittee has prepared three 
methods: (/) split-tube sampling of 
soils, (2) thin-walled tube sampling of 
soils, and (3) proposed method of boring 
and sampling for soil investigations of 
embankment material. Additional work 
has been carried out on these proposed 
methods during the past year and they 
will be submitted to the committee 
shortly. 

Subcommittee R-3 on Physical Charac- 
leristics of Soils (Harold Allen, chair- 
man).—Section A has been working on 
a revision of Standard Method of Test 
for Mechanical Analysis of Soi!s (D 422 - 
51). Considerable exchange of research 
information has been necessary in the 
preparation of a satisfactory revision of 
the method. A letter ballot on the adop- 
tion as standard of the Tentative Method 
of Test for the Amount of Material in 
Soils Finer than the No. 200 Sieve 
(D 1140-50 T) has been submitted to 
the subcommittee membership. 

Section B has submitted letter ballots 
on revised versions of the following 
tests to the subcommittee: (1) Standard 
Method of Test for the Liquid Limit of 
Soils (D 423-39), and (2) Standard 
Method of Test for Plastic Limit and 
Plasticity Index of Soil (D 424 - 39). 

Section C has prepared a revision of 
the Tentative Method of Test for 
Moisture-Density Relations of Soils 
(D 698 - 42 T). 

Subcommitiee R-4 on Physical Proper- 
ties of Soils (E. S. Barber, chairman).— 
Study of a test procedure for permeabil- 
ity is continuing. A Symposium on 
Permeability is being organized for the 
1954 Annual Meeting. 

Subcommittee R-5 on Structural Prop- 
erties of Soils (D. M. Burmister, chair- 
man).—Section B has circularized its 
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members regarding the possibility of a 
cooperative program of testing, certain 
standardized soils by the direct shear 
method. Inasmuch as most of the mem- 
bers were not in a position to undertake 
research at this time, the cooperative 
program was abandoned for the time 
being. Consideration is being given to 
the possibility of developing a proposed 
standard testing machine and procedure 
without the benefit of the cooperative 
program. 

Subcommittee R-6 on Physico-Chemical 
Properties of Soils (R. C. Mielenz, chair- 
man) has discussed plans for informal 
conferences or seminars on techniques 
and procedures of investigating the 
physico-chemical properties of soils. The 
most appropriate topics for early con- 
ferences are: (J) differential thermal 
analyses, (2) X-ray diffraction analyses, 
(3) petrographic analyses, and (4) chem- 
ical analyses. It is proposed that these 
seminars be coordinated with activities 
of other groups inte-ested in clay and 
clay technology. The conferences will 
emphasize new developments and pro- 
cedures with specific reference to their 
limitations. 

Subcommittee R-9 on Dynamic Prop- 
erties of Soils (R. K. Bernhard, chair- 
man).—A list of publications referring 
to soil dynamics is available from Society 
headquarters. The subcommittee is 
working on a nomenclature of terms used 
in the field of soil dynamics. This sub- 


committee is preparing a Symposium on 
Soil Dynamics to be given at the 1953 
Annual Meeting of the Society.' 

Subcommittee R-10 on Bearing Tests of 
Soil In-Place (L. A. Palmer, chairman). 
—Section B on Pile Load Bearing Tests 
(A. E. Cummings, chairman) is prepar- 
ing a Symposium on Lateral Pile Load 
Tests, which will be held at the 1953 
Annual Meeting.’ 

Joint Subcommittee D-4, D-18 on Tests 
and Specifications for Stabilized Soils 
(H. F, Clemmer, chairman) completed 
its work on the new Tentative Specifica- 
tions for Materials for Soil-Aggregate 
Sub-base, Base, and Surface Courses 
(D 1241-52 T), as noted earlier in this 
report. Other work consisted of review- 
ing existing specifications. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 97 voting members; 83 mem- 
bers returned their ballots, of whom 80 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
E. J. Kitcaw.ey, 
Chairman. 
W. G. Hortz, 
Secretary. 


Tee 
ns = be issued as separate publication ASTM STP 
0. 156. 
2 To be issued as separate publication ASTM STP 
No. 154. 
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Meetings of Committee D-19 and all 


of its subcommittees were held on June’ 


25 to 27, 1952, in New York, N. Y., and 
on January 26 to 28, 1953, in St. Louis, 
Mo. An additional meeting of Subcom- 
mittee I, Advisory, was held on October 
21, 1952, in Pittsburgh, Pa. 

A Symposium on the Continuous 
Analysis of Industrial Water and In- 
dustrial Waste Water, sponsored by the 
committee, was presented on June 24, 
1952, in New York, N. Y. The papers 
and discussions have been published in 
ASTM Special Technical Publication 
No. 130. 

The Manual on Industrial Water, a 
committee project, has been published 
as ASTM Special Technical Publication 
No. 148. The methods of the committee 
included in the Manual have been re- 
printed from the 1952 Book of ASTM 
Standards, Part 7. 

A Guide for the Administration and 
Operation of Committee D-19 on In- 
dustrial Water has been printed for the 
use of the members of the committee. 

An informal Task Group for Uni- 
formity of Standard Methods for the 
Examination of Water was organized on 
January 27, 1953, in St. Louis, Mo. De- 
tails are given later in this report under 
the Activities of Subcommittees, Sub- 
committee I, Advisory. 

Members of Committee D-19 serve as 
Society representatives on a number of 
other organizations as follows: 

Executive Committee, Joint Research 


* Presented at the Fifty-sixth Annual Meeting of the 
Society , June 28-July 3, 1953. 
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Committee on Boiler Feedwater Studies—_ 
C. H. Fellows and L. D. Betz, the latter 
succeeding F. N. Speller. The report of the 
activities of the Joint Research Committee 
has been published in the ASTM Buttetin.1 
The statement includes an outline of the 
forthcoming proposed research on the cor- 
rosion of steel by boiler water. 
Subcommittee on Standard Methods for 
the Examination of Water and Sewage, of 
the American Public Health Association— 
Frank E. Clarke and Roy F. Weston. 
Committee on Standard Methods of 
Sewage and Industrial Waste Analysis, of 
the Federation of Sewage and Industrial 
Waste Associations—L. D. Betz. 
Subcommittee for the Care of Pressure 
Vessels in Service and its Chemical Section, 
of the ASME Boiler Code Committee—R. 
A. Lorenzini, succeeding Max Hecht. 
Corrosion Research Council of the En- 
gineering Foundation—Frank N. Alquist. 


At present 114 members are serving on 
Committee D-19. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee D-19 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of: 


Examination of Water-Formed Deposits by 
Chemical Microscopy (D 1245 - 52 T), and 
Test for Bromide Ion and Iodide Ion in Indus- 
trial Water (D 1246-52T), both prepared 

by Subcommittee IV. 


1 ASTM Buttetin, No. 188, February, 1953, p. 22. 


i 4 
q 
|_| 


Revision of Tentative Specifications for: 


Reagent Water (D 1193-51T), prepared by 
Subcommittee IT. 


Revision and Reversion to Tentative of Standard 
Method of: 


Sampling Industrial Water (D 510-49), pre- 
pared by Subcommittee ITT. 


These recommendations were accepted 
by the Standards Committee on Septem- 
ber 5, 1952, and the new and revised 
tentatives appear in the 1952 Book of 
ASTM Standards, Part 7. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information the following 
three proposed methods, as appended 
hereto: 


Odor of Industrial Waste Water, including a 
classification of odors,? 

pH of Industrial Waste Water,? and 

Residue on Evaporation of Filtered Industrial 
Waste Water.* 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative the following four 
methods and scheme for analysis, as ap- 
pended hereto: 


Tentative Methods of Test for: 

Chemical Oxygen Demand (Dichromate Oxygen 
Demand) of Industrial Waste Water, 

Residual Chlorine in Industrial Water, 

Nitrite Ion in Industrial Water, and 

Sulfides in Industrial Waste Water. 


Tentative Scheme for: 
Analysis of Industrial Water. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Method of Test for Hardness 


on September and appears in the up- 
Uement to Book of ASTM Standards, Part 
3 See p. 475. 


4 The new tentatives were accepted by the Society and _ . 


appear in - 1953 Supplement to Book of ASTM Stand- 
ards, Part 7 


in Industrial Water (D 1126-50 T) be 
revised as appended hereto.® 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption the revision of the 
Standard Definitions of Terms Relating 
to Industrial Water (D 1129-51), as 
follows: 


Add the following new definitions: 


Biological Tests.—Examination for the pur- 
pose of determining the presence of, numbers of, 
or effects of any organism present in industrial 
water, or for the purpose of identifying such 
organisms. (D 510) 

Chemical Oxygen Demand (C.O.D.).—The 
amount of oxygen, expressed in parts per mil- 
lion, consumed under specified conditions in the 
oxidation of the organic and oxidizable inorganic 
matter contained in an industrial waste water, 
corrected for the influence of chlorides. 

Residual Chlorine (Chlorine Residual).—The 
amount of available chlorine present in indus- 
trial water at any specified period, subsequent 
to the addition of chlorine. 

Total Chlorine Residual.—Total amount of 
chlorine residual present, without regard to 
type. 

Free Available Chlorine Residual.—Residual 
consisting of hypochlorite ions (OCI), hypo- 
chlorous acid (HOCI), or a combination thereof. 

Combined Available Chlorine Residual.—Re- 
sidual consisting of chlorine combined with am- 
monia nitrogen or nitrogenous compounds. ' 

Threshold Odor Number.—The greatest dilu- 
tion with odor-free water that gives a per- 
ceptible odor. 


In the definition of ‘‘Hardness,” re- 
vise the second paragraph of the note 
to read as follows: ‘‘For industrial water, 
hardness was originally measured by the 
amount of soap required to produce a 
stable lather. Measurement is usually 
made on a water sample, the alkalinity 
of which has been adjusted to eliminate 
the effect of hydrogen ions.” Also, in the 
third paragraph of the present note, in- 


5 The revised method was accepted by the Society a: ond 
in 1953 Supplement to Book of ASTM 
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sert the word “soap” ahead of the initial 
word “hardness.” 

Revise the heading ‘“‘Dissolved Solids” 
to read “Dissolved Solids (Dissolved 
Matter).” 

Revise the heading ‘Suspended Soi- 
ids” to read “Suspended Solids (Sus- 
pended Matter).” 

Revise the heading “Total Solids” to 
read “Total Solids (Total Matter).” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following twelve tentatives be continued 
as tentative without revision, pending 
further study: 


Tentative Methods of Test for: 


Total Carbon Dioxide and Calculation of the 
Carbonate and Bicarbonate Ions in Indus- 
trial Water (D 513-50 T), 

Silica in Industrial Water (D 859 — 50 T), 

Dissolved Oxygen in Industrial Water (D 888 - 
49T), 

Sampling of Steam (D 1066 - 49 T), 

Acidity and Alkalinity in Industrial Water 
(D 1067 - 51 T), 

Iron in Industrial Water (D 1068 - 49 T), 

Suspended and Dissolved Solids in Industrial 
Water (D 1069 - 49 T), 

Electrical Conductivity of Industrial Water 
(D 1125 -50T), 

Sodium and Potassium in Industrial Water 
(D 1127-50 T), 

Identification of Types of Microorganisms in 
Industrial Water (D 1128 - 50 T), 

Chloroform-Extractable Matter in Industrial 
Water (D 1178 - 51 T), and 

Fluoride Ion in Industrial Water (D 1179- 
51 T). 


The literature references supplying 
supporting data for the preceding recom- 
mendations, together with other credits 
and acknowledgements, are tabulated in 
Appendix I to this report.® 

The recommendations appearing in 
this report have been submitted to letter 
vote of the committee, the results of 


® See p. 470. 
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which will be reported at the Annual 
Meeting of the Society.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Advisory (Max Hecht, 
chairman).—The Task Group on Im- 
provement of the Committee Structure, 
organized October, 1952, held an initial 
meeting on January 27, 1953. The group 
includes R. C. Adams, chairman, and the 
chairmen of the subcommittees. 

The initial proposal now being studied 
is the reorganization of the committee 
into seven subcommittees, including an 
Advisory Subcommittee. It is intended 
to assign all of the current and forseeable 
activities of the committee to the follow- 
ing proposed subcommittees: 

Literature and Specifications, 

Methods of Sampling, 

Methods of Chemical Analysis, 

Methods of Physical Determinations, 

Testing Procedures, and 

Performance Tests. 

A task group for the proposed Com- 
mittee D-19 Achievement Award was 
appointed with the following personnel: 
L. Drew Betz, chairman, Frank N. Al- 
quist, and S. K. Love. It will submit 
recommendations on a proposal that an 
annual committee award be made to a 
selected member for outstanding ac- 
tivity. 

The informal Task Group for Uni- 
formity of Standard Methods for the 
Examination of Water, organized Janu- 
ary 27, 1953, includes in its personnel 
the following organizations and mem- 
bers: F. W. Gilcreas and Paul Kabler, 
representing the A.P.H.A. Subcommittee 
on Standard Methods for the Examina- 
tion of Water and Sewage; Gail P. Ed- 
wards and C. C. Ruchhoft, representing 
the F.S.I.W.A. Committee on Standard 
Methods of Sewage and Industrial Waste 
Analysis; A. A. Berk, of the A.S.M.E. 

17 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 
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Power Test Code Committee; Frank E. 
Clarke and Roy F. Weston, the ASTM 
representatives to the A.P.H.A. Subcom- 
mittee on Standard Methods; and L. 
Drew Betz, the ASTM representative to 
the F.S.I.W.A. Committee on Standard 
Methods. Ex-officio members are W. D. 
Hatfield, chairman of the F.S.I.W.A. 
Committee on Standard Methods, and 
Claude K. Rice, Standards Advisor to 
Committee D-19. 

The Task Group, serving in an ad- 
visory capacity, will review published 
methods and suggest uniformity of 
title, definitions of terms, reagents, 
procedure, etc.; and it will supply the 
desired cross references for succeeding 
publications. The suggestions, which are 
limited to the substance of methods, will 
then be referred to each of the participat- 
ing organizations. 

Membership in the personnel of the 
Task Group may be expanded to include 
participation by other interested organi- 
zations. 

The D-19 Standards Advisor, Claude 
K. Rice, has reviewed editorially all 
material, other than papers and the 
Manual on Industrial Water, that the 
committee has submitted to the Society 
during the past year for publication. 
This has resulted in a substantial im- 
provement in the editorial quality of 
the material as submitted. 

Bruce W. Dickerson has been elected 
by the Advisory Subcommittee to serve 
as Secretary, succeeding R. T. Sheen, re- 
signed. 

After many years of valuable service 
to Section B of Subcommittee IT, Section 
C of Subcommittee IV, and the Com- 
mittee as a whole, C. E. Imhoff has re- 
signed his connections with the commit- 
tee. Committee D-19 and Subcommit- 
tees II and IV have gone on record as 
expressing their appreciation of the serv- 
ices Mr. Imhoff has rendered. 

Subcommittee IIT on Definitions and 
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General Specifications (S. K. Love, chair- 
man): 

Section A, Manual (R. C. Adams, 
chairman) completed the Manual on 
Industrial Water, mentioned earlier in 
this report. Mr. Adams was not only re- 
sponsible for the final revised manu- 
scripts but also handled the reviews of 
proofs and other details in connection 
with publication of the Manual. Richard 
D. Hoak has been appointed chairman 
of this section to succeed R. C. Adams. 

Section B on Terminology and Nomen- 
clature (R. E. Price, chairman) reviewed 
the definitions included in the methods 
that recently have been published by 
the Society or that are appended to this 
report and has prepared the revision of 
the Standard Definitions of Terms Re- 
lating to Industrial Water (D 1129 - 51), 
which is being recommended for im- 
mediate adoption. 

Section D on General Specifications 
(R. J. Austin, chairman) is currently 
studying the inclusion of requirements 
for organic matter in the Tentative 
Specifications for Reagent Water 
(D 1193 T). 

Subcommittee III on Methods of Sam- 
pling (O. M. Elliot, chairman) is studying 
the Tentative Specifications for Equip- 
ment for Sampling Industrial Water and 
Steam (D 1192-51 T) with regard to 
the use of plastic containers. 

Further study is being given to the 
Tentative Methods of Sampling Steam 
(D 1066 — 49 T) to include procedures for 
sampling water and steam at subatmos- 
pheric pressures. 

Subcommittee IV on Methods of Analy- 
sis (F. E. Clarke, chairman) has prepared 
the proposed Tentative Methods of Test 
for Residual Chlorine in Industrial 
Water, and for Nitrite Ion in Industrial 
Water, and the proposed Tentative 
Scheme for Analysis of Industrial Water, 


appended hereto.‘ 


Section A, Analytical (F. E. Clarke, 
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chairman) has made progress in the 
preparation of proposed new and revised 
methods for organic matter, sulfite, 
hydrogen, acidity and alkalinity, carbon 
dioxide, etc., orthophosphates, etc., sus- 
pended and dissolved solids, and dis- 
solved oxygen. The proposed revisions to 
the dissolved oxygen method are based 
on the results secured at a comprehensive 
service test clinic held in Baltimore, 
July, 1952. The results from this clinic 
are reported in the paper by Riedel pre- 
sented at this meeting.* Exploratory work 
is being continued on methods for am- 
monia, cupric ion, color, and turbidity, 
and on proposed revisions to the Stand- 
ard Method of Test for Sulfate Ion in 
Industrial Water (D 516 - 49). 

Section B on Electrometric Methods 
(Robert Rosenthal, chairman) is prepar- 
ing a proposed method for oxidation- 
reduction potential in water. 

Section C on Instrumental Methods 
(A. O. Walker, chairman) has made 
progress on the preparation of proposed 
methods for spectroscopic and for flame 
photometric examination for constituents 
of industrial water. It is studying a pro- 
posed method for the polarographic ex- 
amination of water. 

Section D on Chemical Analysis of 
Water-Formed Deposits (F. U. Neat, 
chairman) has prepared a second draft of 
a proposed method for the chemical 
analysis of water-formed deposits. This 
method will be provided to the members 
who are participating in a series of round- 
robin tests for securing verification of 
the method. The data secured in this 
test will provide for the statement of 
precision and accuracy of results. The 
method will then be reviewed and the 
data evaluated. 

Subcommittee VI on Corrosivity Testing 
(Frank N. Alquist, chairman) reports 
material progress on the two + ppm 
mentioned below. 7 


8 See p. 1103. 


The Task Group on Service Testing of 
Tubular Metallic Materials is continuing 
the collection of data secured with the 
apparatus. It was described sketchily in 
the 1952 Report of Committee D-19 
under the activities of Subcommittee VI 
on Methods of Testing. The subcom- 
mittee desires from the cooperators de- 
tailed data on the chemical composition 
of and the identification of water-formed 
deposits, supplementing the photo- 
graphic record of the deposits. 

The Task Group on the Turner Test 
Gage is assembling data secured by 
operators who have made use of this 
device, for the purpose of development 
of a test procedure. A paper contain- 
ing this data is being prepared for 
presentation at one of the meetings of 
the Joint Research Committee on Boiler 
Feedwater Studies in 1953. 

Subcommittee VII on Industrial Waste 
Water (L. Drew Betz, chairman) has pre- 
pared the proposed Tentative Methods 
of Test for Chemical Oxygen Demand 
(Dichromate Oxygen Demand) in In- 
dustrial Waste Water and for Sulfides 
in Industrial Water, appended hereto.‘ 
The subcommittee has also prepared the 
proposed Methods of Test for Odor of 
Industrial Waste Water,? pH of Indus- 
trial Waste Water,? and Residue on 
Evaporation of Filtered Industrial Waste 
Water,’ which are recommended for pub- 
lication as information only, as appended 
hereto. A listing of technical associa- 
tions, trade associations, and regulatory 
bodies interested in waste waters has 
been revised by R. F. Weston and will 
be distributed in the near future. 

Section A on Critical Constituents on 
Industrial Waste Water (S. A. Braley, 
chairman) is considering listing the 
critical constituents by technical opera- 
tions in place of industries. The subcom- 
mittee members will be circularized for 
comment and suggestions on this pro- 
posed change and for critical constituents 
under the proposed classifications. 
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Section B on Analytical Methods 
(R. F. Weston, chairman) expects to 
complete proposed methods for oily 
matter in industrial waste water and sus- 
pended solids in industrial waste water 
prior to the Annual Meeting. Substantial 
progress is reported on the preparation 
of proposed methods of test for the fol- 
lowing: turbidity and color, acidity and 
alkalinity, chlorine requirements, tox- 
icity to aquatic life, phenolic compounds, 
cyanide, and specific gravity. Studies 
have been undertaken on the following 
new projects: mercaptans, assigned to the 
Sulfur Compounds Task Group; biologi- 
cal oxygen demand (B.0.D.) and low 
concentrations of chemical oxygen de- 
mand (C.O.D.), assigned to the C.O.D. 
Task Group; infrared method for oil, as- 
signed to the Oily Matter Task Group. 
Studies will also be started on aaa 
bases and taste. 

Section C on Gaging and —- of 
Industrial Waste Water and Preserva- 
tion of Samples has abandoned the task 
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Subsequent to the Annual Meeting, Committee D-19 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


tions: 
Tentative Method of: 


7 Water (D 1291 - 53 T), 


These recommendations were accepted by the Standards Committee on Septem- 
ber 9, 1953, and the new tentative methods appear in the 1953 Supplement to Book 


of ASTM Standards, Part 7. 
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Epitor1AL Note 


Test for Chlorine Requirements of Industrial Water and Industrial Waste 


Test for Odor of Industrial Waste Water (D 1292-53 T), and 
Determination of pH of Industrial Waste Water (D 1293 - 53 T). 


group on preservation of samples. The 
information on preservation when re- 
quired for a specific test is to be incor- 
porated in the method for that test. 

Section D on Reporting Analysis of 
Industrial Waste Water (W. W. Hodge, 
chairman) is conducting further studies 
on reporting the results of analysis of 
industrial waste water. It has recom- 
mended that the Proposed Method of 
Test for Odor be published as informa- 
tion, as appended.” 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 114 members; 96 have returned 
their ballots, of whom 714 have voted af- 
firmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 


Max HEcart, 
Chairman. 
R. T. SHEEN, 
Secretary. 


= 


be SUPPORTING DATA AND PERTINENT LITERATURE REFERENCES 
RELATING TO NEW AND REVISED METHODS OF TESTING 


INDUSTRIAL WATER 


Supporting data and pertinent litera- 
ture references relating to the various 
new and revised methods of testing 
industrial water included in the Report 
of Committee D-19, are given in this 
Appendix. 


LrrerATURE REFERENCES RELATING TO 
PROPOSED METHOD OF TEST FOR 
Opor OF INDUSTRIAL WASTE 
WATER 


Literature References: 


(1) “Standard Methods for the Examination 
of Water and Sewage,” Ninth Edition, 
American Public Health Association. New 
York, N. Y. (1946). 

(2) C. H. Spaulding, American Journal of Public 

Health, Vol. 21, p. 1038 (1931). 

(3) J. R. Baylis, Water Works and Sewage, 
Vol. 79, p. 425 (1932). 

(4) G. M. Fair, Journal of New England Water 
Works Association, Vol. 47, p. 248 (1933). 

(5) N. Hulbert and D. Feben, Journal of 
American Water Works Association, Vol. 
33, 1945 (1941). 

(6) C. H. Spaulding, Journal of American Water 
Works Association, Vol. 34, p. 877 (1942). 

_ (7) E. C. Crocker, “An Odor Scheme,” Private 
Communication to F. N. Alquist. 

‘8) E. C. Crocker, “Flavor,” Published by 
McGraw-Hill Book Co. (1945). 

‘9) Cargille Scientific, Inc. “Scientific Odor 
Control.” Published by Cargille Scientific, 
Inc., 118 Liberty St., New York 6, N. Y. 


SupPporTING Data RELATING TO PRO- 
POSED METHOD OF TEST FOR RESI- 
DUE ON EVAPORATION OF FILTERED 

INDUSTRIAL WASTE WATER 

Supporting Data: 

This procedure is based on information con- 


tained in the literature, such as the Tentative 
Methods of Test for Suspended and Dissolved 
Solids in Industrial Water (ASTM Designation: 
D 1069),' and the Standard Methods for the 
Examination of Water and Sewage, Am. Public 
Health Assoc., Ninth Edition, pp. 145-146 
(1946). The broad coverage required for the 
great variety of industrial waste water has been 
recognized. Results of cooperative work of D-19 
Subcommittee VII, Section B, are shown in 
Table I. 


LITERATURE REFERENCES RELATING TO 
PROPOSED TENTATIVE METHOD oF TEST 


FOR THE CHEMICAL OXYGEN 


MAND (DICHROMATE OXYGEN 
DEMAND) OF INDUSTRIAL 
WasTE WATER 


Literature References: 


(1) W. A. Moore, R. C. Kroner, and C. C. 
Ruchhoft, “Dichromate Reflux Method for 
Determination of Oxygen Consumed,” Ana- 
lytical Chemisiry, Vol. 21, p. 953 (1949). 

(2) W. A. Moore, F. J. Ludzack, and C. C. 
Ruchhoft, “Determination of Oxygen con- 
sumed Values of Organic Wastes, A Compar- 
ative Study of Methods,” Analytical Chem- 
istry, Vol. 23, p. 1297 (1951). 


SUPPORTING DATA AND LITERATURE 
REFERENCES RELATING TO PROPOSED 
TENTATIVE METHOD OF TEST FOR 
NItritE ION IN INDUSTRIAL 

WATER 


Supporting Data: 


Al. (a) To determine the minimum concen- 


tration of ferric iron which gives color inter- 
ference in the determination of nitrite nitrogen 
with sulfanilic acid and alpha naphthylamine, 


11952 Book of ASTM Standards, Part 7. 
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SUPPORTING DATA AND LITERATURE REFERENCES 


see the readings (Table II) made at 545 my with 


0.1 ppm nitrite nitrogen and increments 


of 


FeCl,-6H;0, and also the data shown in Table 


471 


(b) Conclusions: 


(1) For nitrite nitrogen concentrations be- 
low 0.05 ppm, 4 ppm ferric iron cause an 


Hit. increase in optical density. 
‘ABLE I.—RESULTS FOR RESIDUE ON EVAPORA- (2) For nitrite nitrogen concentrations 
TION OF SAMPLES OF WASTE WATER. between 0.05 ppm and 0.2 ppm, 6 ppm ferric 
Parts per Million iron cause interference. 
Nature of Waste Water : (3) At and below 3 ppm ferric iron, there 
Test 1 | Test 2 is no in 
at any point on the nitrite curve, if the read- 
from waste treatment ings are made when the nitrite color has 
pay er. developed 10 min, as directed. 
—— was 2000 g, results in 
252 250 TABLE III.—MINIMUM CONCENTRATIONS OF 
sean industrial and domestic | (1); (2)| (3)| (4) FERRIC IRON THAT GIVE 
wastes from high-polluted stream. COLOR INTERFERENCE, 
Size of was 100 g, 
jour separate days, results 
{ 317| 543) 523) 332 Nitrite Optical Density 
317| $52) $22) 331 
ppm Fe=0 1 3 5 7 
= |. Effluent | Effluent ppm Fe |ppm Fe |ppm Fe |ppm Fe 
No.1 | No. 2 
7 ‘ 0.001.. 0.016 | 0.015 | 0.027 | 0.033 
sample used, g: -005.. Y \ 
- 17400 20700 0.007.. 0.030 | 0.033 | 0.045 | 0.055 
17900 | 20900 0.010.. 0.045 | 0.038 | 0.055 | 0.062 
17700 | 21600 0.020. 0.063 | 0.065 | 0.075 | 0.080 
0.050 0.128 | 0.128 | 0.132 | 0.140 
| 18500 | 21300 0.100 0.232 | 0.232 | 0.235 | 0.245 
Dis casicanewachewvosbeemenont 18600 | 20700 0.200 0.430 | 0.435 | 0.435 | 0.450 
18300 22000 0.300... 0.60 | 0.61 | 0.62 0.62 
18200 | 23000 7 
BD. ccivessvvccecccsccccececeesoes 19600 26800 TABLE IV.—INCREASE IN OPTICAL DENSITY 
21000 22400 DUE TO FERRIC IRON. 
! 
FeCls-6H:0 plus 
TABLE II.—EFFECT OF FERRIC IRON ON | Nitrite Reagents 
READINGS AT 545 my. Ferric Iron, ppm Fete atl 
I II 
Nitrite Nitrogen, ppm |Ferric Iron, ppm} Optical Density cicbiie 
0.000 0.010 0.015 
0 0.230 0.002 0.023 0.020 
0 0.230 0.010 0.023 x 
1 0.230 : 
0.030 0.070 0.073 
2.5 0.230 0.030 0.088 0.090 
eee re 5 0.245 0.030 0.123 0.128 
7.3 | 0:25 | | 
10.0 0.245 0.020 0.390 ae 
25 0.282 
_ 50 0.295 (4) At concentrations above 3 ppm ferric 
1 0.225 iron, there is a gradual increase in optical 
2 0.235 density due to the color formed by iron plus 
35 the nitrite reagents. The interference value 
*- . ae of this color is inversely proportional to the 
0.1 5 0.238 density of the nitrite color, as shown in 
7 0.240 
Literature References: 
(1) M. L. Ilosvay, “Nitrous Acid in the Saliva 
10 0.245 and in Exhaled Air,” Bull. de la Soc. Che Chem., 
: Ser. 3, Vol. 2, p. 388 (1889). 
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TABLE V.—DETERMINATION OF TOTAL HARDNESS BY NON-REFEREE METHOD A OF METHODS 


D 1126—PRECISION STUDY. 


No. Crry WATER 


Total Hardness, ppm CaCO; 
Analyst A Analyst B 
29.4 29.8 
29.4 29.2 
29.4 29.2 
29.5 29.3 
29.44 29.40 
Standard 
Deviation. ... . 0.06 0.22 
Standard 
Deviationao. . . . . 0.17 


Precision = 0.57 per cent of hardness present 


SampLe No. 2—Borer FEEDWATER 


Total Hardness, ppm CaCO: 
Analyst A | Analyst B 
54.6 54.0 
54.2 54.0 
54.4 54.0 
54.4 54.2 
54.4 54.2 
54.2 54.2 
54.4 54.0 
Standard 
Deviation. ... . 0.12 | 0.13 
Standard 
Deviation... . . 0.17 


Precision = 0.31 per cent of hardness present 


Sampte No. 3—Cooiinc WATER From Arr-CONDITIONING 
System (CoLorep wits Orcanic MATTER) 


Total Hardness, ppm CaCO; 


Analyst A. Analyst B 

118.5 118.0 

117.5 | 117.6 
118.0 
118.0 117.6 
117.5 117.2 
118.5 117.6 
117.5 117.2 
Average.......... | 117.95 117.48 
Standard 

Deviation. . .. . | 0.42 0.26 
Standard 

Deviations... . . 0.42: 


|| Precision = 0.36 per cent of hardness present 


Sampte No. 4—Dizurep Lake WATER 
(Hica Turswity) 


| Total Hardness, ppm CaCOs 


| Analyst A | Analyst B 
| | 
67.0 67.2 
66.8 67.0 
66.8 67.2 
67.02 67.30 
Standard 
Deviationo. . . . . 0.32 0.16 
Standard 
Deviationgo. . . . . 0.29 


(2) R. S. Weston, “Notes on the Determination 
of Nitrogen as Nitrites in Waters,” Journal 
American Chemical Society, Vol. 27, p. 281 
1905). 

(3) “Standard Methods for the Examination 
of Water and Sewage,” Ninth Edition, 
American Public Health Association, New 
York, N. Y., pp. 71-72 (1946). 


Precision = 0.42 per cent of hardness present 


LITERATURE REFERENCES RELATING TO 
PROPOSED METHOD OF TEST FOR 
SULFIDES IN INDUSTRIAL WATER 

Literature References: 

(1) R. D. Pomeroy, ‘“‘The Determination of 
Sulfides in Sewage,” Sewage Works Journal, 
Vol. 8, P. 572 (1936); and Vol. 13, p. 498 
(1941). 

(2) R. D. Pomeroy, The Petroleum Engineer, 
Sept., 1944, p. 156. 
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TABLE VI.—DETERMINATION OF CALCIUM HARDNESS BY D 1126—NON-REFEREE METHOD A. 


Sampte No. 1—Ditutep CLEVELAND City WATER 


Calcium Hardness, ppm CaCOs 
Analyst A | Analyst B 
21.9 21.6 
21.8 21.8 
22.0 21.7 
22.0 21.8 
21.93 21.68 
Standard 
Deviation 0.08 0.10 
Standard 
Deviationso 0.15 


Precision = 0.69 per cent of CaCO; present 


No. 2—BorLer FEEDWATER 


SaMPLe No. 3—Cooiinc WATER From AIR ConprrionINc 
System (CoLorep wiTH Orcanic MATTER) 


| Calcium Hardness, ppm CaCO; 


| 


Analyst A Analyst B 
84.8 83.5 
84.8 84.7 
84.8 85.1 
85.0 84.7 
84.6 85.1 
Standard 
Deviation... . . 0.18 0.31 
| Standard 
Deviationg..... 0.33 


Precision = 0.39 per cent of CaCO; present 


No. 4—Diurep Lake Erte WATER 
(Hich Torswrry) 


Calcium Hardness, ppm CaCO; Calcium Hardness, ppm CaCO; 
ears Analyst A | Analyst B Oo Analyst A Analyst B 
40.8 40.4 49.6 49.4 
40.9 40.3 49.5 49.5 

Average.......... 40.85 40.28 Average.......... 49.63 | 49.42 
Standard | Standard | 
Deviation. .... 0.07 0.13 Deviationio. . 0.13 
Standard Standard 
Deviationgo. . 0.32 Deviationzo. ... . 0.16 


Precision = 0.71 per cent of CaCO; present 


Precision = 0.32 per cent of CaCO; present 


SUPPORTING DATA AND LITERATURE 
REFERENCES RELATING TO REVISED 
TENTATIVE METHODS OF TEST 
FOR HARDNESS IN IN- 
DUSTRIAL WATER 


Supporting Data for Non-Referee Method A: 


Data on the accuracy of Non-Referee Method 
A appears in papers by J. D. Betz and C. A. 
Noll? Precision data for Non-Referee Method 
A was obtained from four different waters, 


2 See literature references (1) and (2) applying to this 
Non-Referee Method A. 


using two operators. These data are listed in 
Tables V and VI. 


Literature References for Non-Referee Method A: 


(1) J. D. Betz and C. A. Noll, “Total Hardness 
Determination by Direct Colorimetric Ti- 
tration,” Journal American Water Works 
Association, Vol. 42, January, 1950, pp. 
49-56. 

(2) J. D. Betz and C. A. Noll, “Further 
Studies With the Direct Colorimetric Hard- 
ness Titration,” Journal American Water 
Works Association, Vol. 42, August, 1950, 
pp. 749-754. 


— 
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(3) W. Biedermann and G. Schwarzenbach, 
“The Complexometric Titration of Alkaline 
Earths and Some Other Metals with 
Eriochrome Black T,” Chimia, Vol. 2, 


(4) J. J. Connors, “Advances in Chemical and 
Colorimetric Methods,” Journal American 
Water Works Association, Vol. 42, January, 


p. 56 (1948). 


1950, pp. 33-39. 


H. Diehl, C. A. Goetz, and C. C. Hach, 
“The Versenate Titration for Total Hard- 
ness,” Journal American Water Works As- 
sociation, Vol. 42, January, 1950, pp. 40- 
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C. A. Goetz, T. A. Loomis, and H. Diehl, 
“Total Hardness. in Water,” Analytical 


Chemistry, Vol. 22, June, 1950, pp. 798- 
799 


(7) V. M. Marcy, ‘“New Water Hardness Test 
is Faster and Gives More Accurate Re- 
sults,” Power, Vol. 94, January, 1950. 

(8) V. M. Marcy, “Rapid Test for Calcium 
Hardness,” Power, Vol. 94, June, 1950, 
pp. 92-93. 

(9) G. Schwarzenbach and H. Ackerman, 
“Complexons V. Ethylenediaminetetra- 
acetic Acid,” Helvetica Chimica Acta, Vol. 
30, p. 1798 (1947). 

(10) G. Schwarzenbach, W. Biedermann, and 
F. Bangerter, “Complexons VI. New 
Simple Titrating Methods for Determining 
the Hardness of Water,” Helvetica Chimica 
Acta, Vol. 29, p. 811 (1946). 
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PROPOSED METHOD OF TEST FOR RESIDUE ON EVAPORATION OF 


FILTERED INDUSTRIAL WASTE WATER! 


_ This is a proposed method and is published as information only. 
_ Comments are solicited and should be addressed to the American 


Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope and Application 


1. (a) This method covers a procedure 
for determining the residue on evapora- 
tion of filtered industrial waste water, 
free of suspended matter. 

(6) This method is intended to be used 
as a non-referee method of test for indus- 
trial waste water containing a wide range 
of dissolved matter. 


Principle of Method ; 

2. Dissolved matter is determined by 
weighing the residue obtained after 
evaporating the sample and drying it at 
103 C. 


Nore 1.—The suggested drying temperature 
of 103 C does not necessarily provide complete 
dehydration of all residues. It is permissible to 
use other temperatures and time of drying by 
mutual agreement. In all cases the drying tem- 
perature shall be specified in reporting results. 
Strict adherence to drying time should be ob- 
served. 


Definitions 


3. (a) The term “dissolved matter” 
in this method is defined in accordance 
with the Standard Definitions of Terms 
Relating to Industrial Water (ASTM 
Designation: D 1129),? as follows: 

Dissolved Solids (Dissolved Matter).— 


1 This poogened method is under the ju: (pedictce of the 
ASTM Committee D-19 on Industrial Water. Published 
as information, June, 1953. 

2 1953 Supplement to Book of ASTM Standards, Part 


air-circulating 


475 


The dried residue from evaporation of 
the filtrate after separation of suspended 
solids. 

(6) For definitions of other terms 
used in this method, refer to Definitions 
D 1129. 


Interferences 


4. Some waste waters contain dis- 
solved matter or salts that hydrolyze 
or volatilize upon evaporation of the 
sample and subsequent drying at 103 C. 
For example, (NH,)2CO; decomposes 
below this temperature. Some liquids, 
such as glycerol and H2SO,, will not 
dehydrate at 103 C, and therefore re- 
main with the solids. 


Apparatus 


5. (a) Sample Reservoir —A chemically 
resistant glass container of 1- to 4-liter 
capacity. Smaller reservoirs may be used 
for waters with high concentrations. 

(6) Evaporating Dish.—A straight- 
walled platinum dish approximately 80- 
to 100-mm in diameter and of 200-ml 
capacity. 

(c) Heater—A controlled electric hot- 
plate, infrared lamp, or steam bath for 
maintaining the temperature of the 
evaporating water below the boiling 
point. 

(d) Drying Oven, electrically heated, 
type, controlled to 


C. 


~. win." 


Sampling 


6. Collect the sample in accordance 
with the Tentative Methods of Sampling 
Industrial Water (ASTM Designation: 
D 510)? 


Procedure 


7. (@) Weigh a clear sample (Note 2) 
of such size as to yield a residue weighing 
at least 25 mg. If analysis of the residue 
is desired, weigh sufficient sample to 
yield a residue weighing approximately 
100 mg. Pour the sample into the sample 
reservoir. 


Note 2.—The weight basis for the sample is 
recommended because the density of industrial 
waste water may vary over a wide range. 


(6) Fill a weighed platinum dish to 
within } in. of the top (Note 3) with 
water from the sample reservoir. Heat 
the dish by means of a hot-plate, infra- 
red lamp, or steam bath, maintaining 
the sample temperature below the boiling 
point. Periodically add sample from the 
reservoir to prevent drying of the dish, 
until the reservoir is empty. Rinse the 
reservoir several times with non-referee 
reagent water conforming to the Tenta- 
tive Specifications for Reagent Water 
(ASTM Designation: D 1193),? adding 
the rinsings to the contents of the 
evaporating dish. Evaporate the balance 
of the material in the dish to near dry- 
ness. Dry the dish and its contents in 
an oven at 103 C for 60 min, cool in a 
desiccator, and reweigh. Dry again for 
30-min periods until the loss is no more 
than 4 per cent of the previous weighing 
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(Note 4). Record the increase in weight 
of the dish as the weight of residue. 


Nore 3.—A porcelain dish or glass beaker 
may be substituted for the platinum dish if the 
residue is not to be analyzed. 

Nore 4.—Rapid weighing is essential, since 
some dried residues readily absorb moisture. 


Calculation 


8. Calculate the residue on evapora- 
tion of the filtered industrial waste water, 
in parts per million, as follows: 


Residue on evaporation, ppm = Vv 


where: 
A = milligrams of residue, and 
W = kilograms of sample used. 


Precision and Accuracy’ 


9. (a) The precision is limited by 
balance reproducibility, oven tempera- 
ture, and the nature of the residue. If 
the analytical balance is reproducible 
to 0.2 mg, careful control of test condi- 
tions should yield a precision of 5 mg, 
as calculated by the following formula: 


Precision, ppm = W 
where: 
W = kilograms of sample used. 

(b) Depending on the type of dissolved 
matter present, the losses or gains will 
cause the accuracy to range from the 
limits of precision to wide differences. 
It is therefore impossible to determine 
the status of accuracy in this procedure. 


_ Supporting data pertinent to this method are given 
in Appendix I to the Report of Committee D-19, p. 470. 


_ 


REPORT OF COMMITTEE D-20 


ON - 
PLASTICS* 


Committee D-20 on Plastics, and its 
subcommittees, held three meetings dur- 
ing the year: at New York, N. Y., on 
June 25 and 26, 1952; at Boston, Mass. 
on October 27 to 29, 1952; and at Pocono 
Manor, Pa. on March 23 to 25, 1953. 
The Advisory Committee also met at 
these times. 

The committee was represented at the 
meeting of Technical Committee 61 on 
Plastics (ISO/TC/61) of the Inter- 
national Organization for Standardization 
held on October 2 to 4, 1952, in Turin, 
Italy. G. M. Kline, former chairman 
of Committee D-20, served as chairman 
of the meeting, at which nine countries 
were represented. The working groups 
agreed on a number of drafts of test 
methods and standards to be proposed 
for recommended international stand- 
ards. Standardization among languages 
of nomenclature applying to test methods 
and processing characteristics is being 
undertaken. 

The next meeting of ISO/TC/61 will 
be held in Stockholm, Sweden, beginning 
August 14, 1953. The chairmanship of 
the American Group for ISO/TC/61, 
which is assisting the ASA in the duties 
of the Secretariat, has been accepted by 
Robert Burns, succeeding E. B. Cooper. 

R. M. Berg was appointed chairman 
of Subcommittee I on Strength Proper- 
ties, succeeding M. E. Marks; H. L. 
McChesney was appointed chairman of 
Subcommittee II on Hardness Proper- 
ties, to fill the vacancy created by the 


*Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 
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resignation of L. W. A. Meyer; C.H. 
Adams was appointed chairman of Sub- 
committee III on Thermal Properties, 
succeeding E. B. Cooper; J. W. Mighton 
was appointed chairman of Subcom- 
mittee V, succeeding W. C. Goggin; 
and H. E. Riley was appointed chairman 
of Subcommittee VII, succeeding D. E. 
Northrop. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, the committee presented to the Soci- 
ety through the Administrative Com- 
mittee on Standards the following 
recommendations: 

Tentative Specifications for: 

Polyethylene Molding and Extrusion Materials 
(D 1248 - 52 T), and 

Primary Octyl Phthalate Ester Plasticizers 
(D 1249 - 52 T). 

Tentative Methods of Test for: 

Resistance to Abrasion of Plastic Materials 
(D 1242 - 52 T), and 

Specific Viscosity of Vinyl Chloride Polymers 
(D 1243 - 52 T). 

Revision of Tentative Specifications for: 

Phenolic Molding Compounds (D 700 - 49 T). 

Revision and Reversion to Tentative of: 

Standard Method of Test for Resistance of 
Plastics to Chemical Reagents (D 543 - 43). 
These recommendations were ac- 

cepted by the Administrative Committee 

on Standards on December 12, 1952. 

The new and revised specifications and 

methods appear in the 1952 Book of 

ASTM Standards, Part 6. i 


| 
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REVISION OF TENTATIVES 


The committee recommends revisions 
of the following two tentatives, as indi- 
cated: 

Tentative Specifications for Nylon In- 
_ jection Molding and Extrusion Compounds 
4 789-44 T).'—These specifications 


- have been extensively revised, as ap- 


_ pended hereto,’ to include one additional 
. 
composition suitable for molding or ex- 
trusion, and to bring the specifications 
into agreement with present industrial 


practice. 
Tentative Definitions of Terms Relating 


to Plastics (D 883 -52 T).!\—Revise to 


include the following new and revised 


definitions. 


Alkyd Plastics.—Plastics based on resins com- 
posed principally of synthetic polymeric esters 
in which the recurring ester groups are an inte- 
gral part of the main polymer chain. (See Poly- 
ester Plastics.) 

Halocarbon Plastics.—Plastics based on resins 
made by the polymerization of monomers com- 
posed only of carbon and a halogen or halogens. 

Metastable, adj.—An unstable condition of a 
plastic evidenced by changes of physical proper- 
ties not caused by changes in composition or in 
environment. 

NotEe.—Metastable refers, for example, to 
the temporarily more flexible condition of 
some plastics after molding. No physical 
tests should be made while the plastic is in 
a metastable condition unless data regarding 
this condition are desired. 

Polyester Plastics—Synonymous with Alkyd 
Plastics. 

Resin, n.—A solid, semisolid, or pseudosolid 
organic material which has an indefinite and 
often high molecular weight, exhibits a tendency 
to flow when subjected to stress, usually has a 
softening or melting range, and usually fractures 
conchoidally. 

Note: Liquid Resin.—An organic poly- 
meric liquid which when converted to its 
final state for use becomes a solid. 

Volatile Loss—Weight loss by vaporization. 


_ REVISION OF STANDARD AND REVERSION 


TO TENTATIVE 
The committee recommends that the 


11952 Book of ASTM Standards, Part 6. 


2 The revised tentative was accepted . the Society 
appears ye Gs 1953 Supplement to Book of ASTM 
de s, Part 6. 


Standard Specifications for Vinyl Chlo- 
ride-Acetate Resin Plastic Sheets 
(D 708-50) be revised as appended 
hereto® and reverted to tentative. These 
specifications have been revised in order 
to bring them into agreement with Fed- 
eral Specification L-V-351, and to pro- 
vide for the addition of other grades of 
vinyl rigid sheets which are becoming 
commercially important. 


ADOPTION OF TENTATIVE AS STANDARD 
The committee joins with Committee 
D-9 on Electrical Insulating Materials 
in recommending that the Tentative 
Method of Conditioning Plastics and 
Electrical Insulating Materials for Test- 
ing (D 618-51 T)! be approved for ref- 
erence to letter ballot of the Society for 
adoption as standard with the addition 
of the following sentence to Note 2 in 
Section 4: “Shorter conditioning times 
may be used for thin specimens provided 
equilibrium is substantially obtained.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 

The committee has considered all of 
the other tentatives not mentioned in this 
report which are under its jurisdic- 
tion and which have been issued for 
two years or longer, and recommends 
that they be continued in their present 
status until further revisions in them are 
made as contemplated. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Strength Properties 
(R. M. Berg, chairman).—Cooperative 
test studies are continuing in order to 
secure the information necessary to 
permit revision of the Tentative Method 


+The revised specifications were accepted by the 
Society as a tentative and appear in the 1953 Supple- 
ment to Book of ASTM Standards, Part 6. 

4 The letter ballot vote on these recommendations was 
favorable; the results of the vote are on record at ASTM 
Headquarters. 


On PLastics 


of Test for Tensile Properties of Thin 
Plastic Sheets and Films (D 882-49 T). 
A round-robin test program on the ski- 
ball impact test has been completed, and 
work is in progress on revision of the 
Tentative Method of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (D 256-47 T). A 
round-robin test program is also under 
way on methods for measurement of 
dynamic properties of plastics. The need 
for studies leading to development of 
test methods applicable to plastic films 
has become evident. Accordingly, the 
newly formed Section P on Stiffness will 
study test methods for measuring stiff- 
ness of films in place of the discharged 
Section I on Nonrigid Plastics. The name 
and intended scope of Section L has been 
changed from Bursting Strength to 
Strength Under Biaxial Stressing. Studies 
of particular strength properties of films 
will be assigned to the proper sections 
as needs arise. 

Subcommittee II on Hardness (H. L. 
McChesney, chairman).—A_ subcom- 
mittee ballot on a revision of the Tenta- 
tive Method of Test for Resistance of 
Transparent Plastics to Surface Abrasion 
(D 1044 - 49 T) is in progress. Revision 
of the Standard Method for Estimating 
Blocking of Plastics Sheets (D 884 — 48) 
is being considered. Comparative studies 
of the British Admiralty hardness test 
and comparable ASTM hardness tests 
are to be initiated, and test methods for 
evaluating scratch resistance are to be 
studied. The name and the intended 
scope of Section A was changed from 
Rockwell Hardness to Indentation 
Hardness. 

Subcommittee III on Thermal Proper- 
ties (C. H. Adams, chairman).—The 
desirability of annealing certain plastics 
before testing by the Tentative Methods 
of Test for Deformation of Plastics 


Under Load (D 621 - 48 T) or for Heat 


Distortion Temperature of Plastics 
(D 648 - 45 T) has been shown in studies 
by members of this subcommittee. Ap- 
propriate footnotes will be added to 
these tentatives and descriptions of 
satisfactory annealing techniques will be 
prepared for inclusion in the affected 
plastics specifications. Work is pro- 
gressing toward preparing test methods 
for flammability, for distortion by heat, 
and for brittle temperature, which are 
applicable to thin films. The Tentative 
Method of Test for Brittle Tem- 
perature of Plastics and Elastomers 
(D 746 — 52 T) has been studied, and an 
effort is being made to resolve differences 
in the results obtained with the different 
types of machines. Under consideration 
is the development of methods for de- 
termining thermal conductivity, specific 
heat, viscosity by parallel plate plastom- 
eter, and stress-relaxation properties. 
Subcommittee IV on Optical Properties 
(H. K. Hammond, 3rd, chairman).— 
Work on a method of measurement of 
small color differences is continuing in 
cooperation with subcommittees of Com- 
mittee D-1 on Paint, Varnish, Lacquer, 
and Related Products and Committee 
E-12 on Appearance. The preparation of 
permanent haze standards for use with the 
Standard Method of Test for Haze and 
Luminous Transmittance of Transparent 
Plastics (D 1003 - 52) is continuing. 
Subcommiitee V on Permanence Proper- 
ties (J. W. Mighton, chairman).—This 
subcommittee reviewed a Proposed 
Method of Test for Measuring Water- 
Vapor Transmission and forwarded com- 
ments to the task group of Committee 
E-1 on Methods of Testing which origi- 
nated it. The subcommittee is balloting 
on a revision of the Standard Method of 
Test for Water Absorption of Plastics 
(D 570 - 42). A new proposed Tentative 


“Method of Test for Shrinkage of Molded 


and Laminated Thermosetting Plastics | 


at Elevated Temperature has been com- 
pleted and will be presented to the So- 
ciety through the Standards Committee 
subsequent to the Annual Meeting. 
Study of techniques for measurement of 
gas permeability of plastic materials is 
under way. Work has started on a recom- 
mended practice for outdoor exposure in 
the new Section on Outdoor Exposure. 

Subcommittee VI on Specifications 
(Lucius Gilman, chairman).—This sub- 
committee is preparing new specifica- 
tions and revisions of a number of the 
present specifications. Specifications for 
Rubber Modified Phenolic Molding 
Compounds are being prepared. Revision 
of the Standard Specifications for Urea- 
Formaldehyde Molding Compounds 
(D 705 — 49) is under consideration. Pro- 
posed Tentative Specifications for 
Laminated Thermosetting Decorative 
Sheets have been completed and will be 
presented to the Society through the 
Standards Committee subsequent to the 
Annual Meeting. A revision of the Stand- 
ard Specifications for Vinyl Chloride- 
Acetate Resin Plastic Sheets (D 708 - 50) 
has been completed as submitted in this 
report, and further early revisions 
are contemplated. Minor revisions 
of the Tentative Specifications for 
Methacrylate Molding Compounds 
(D 788 - 48 T) and Polystyrene Molding 
Compounds (D 703 — 49 T) are in prepa- 
ration, and a round-robin testing pro- 
gram is being planned in order to prepare 
specifications for modified polystyrene 
plastics. Early revision of the Tentative 
Specifications for Ethyl Cellulose Mold- 
ing Compounds (D 787 — 52 T) is under 
consideration. Work is in progress which 
will result shortly in revisions, and 
eventual combination into joint speci- 
fications, of the Tentative Specifications 
for Nonrigid Vinyl Chloride-Acetate 
Resin Plastics (D 742 - 46 T) and Non- 
rigid Vinyl Chloride Plastics (D 744 - 
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49 T). A proposed revision of the Tenta- 
tive Specifications for Nylon Molding 
and Extrusion Composition (D 789- 
44 T) has been completed and is sub- 
mitted in this report. Two new sections 
have been organized in this subcom- 
mittee: Section T on Specifications for 
Polyester Resins, and Section U on 
Halocarbon Plastics. 

Subcommittee VII on Analytical Meth- 
ods (H. E. Riley, chairman).—In addition 
to this tentative Method of Test for Spe- 
cific Viscosity of Vinyl Chloride Polymers 
(D 1243 — 52 T) accepted by the Stand- 
ards Committee, three other methods re- 
lating to vinyl chloride polymers, the de- 
terminations of total chlorine, of volatile 
content, and of particle size, will be com- 
pleted soon. Further work on methods for 
characterizing organosols and plastisols 
has been discontinued by reason of lack of 
consumer interest. Work relating to 
plasticizers has continued. A method for 
determining heat stability of plasticizers 
will be completed shortly, and work on 
methods of determining ionizable com- 
pounds in plasticizers is in progress. 

Subcommittee VIII on Research (C. R. 
Stock, chairman).—This subcommittee 
is continuing to serve in an advisory 
capacity on research problems. At the 
50th Anniversary Meeting of the Society, 
in June, 1952, this subcommittee made 
the arrangements for the Symposium 
on Plastics Testing—Present and Future, 
sponsored by Committee D-20. Some of 
the papers presented reviewed the current 
status of tests for plastics, pointing out 
recognized shortcomings and needs which 
should be acted upon in the future. Other 
papers concerned current activities in a 
number of fields of plastics testing, which 
are directed toward rectifying present 
deficiencies. The symposium has been 
issued by the Society as Special Technical 
Publication No. 132. 

At the October, 1952, meeting of the 


4 


subcommittee, three papers were pre- 
sented, as follows: 


“Data and Their Interpretation,” by Prof. R. B. 
Finch, Massachusetts Institute of Technology. 

“Accelerated Exposure Techniques,” by L. 
Boor, U. S. Department of the Army, Phila- 
delphia Quartermaster Depot.® 

“A Constant Strain Stiffness Tester for Thin 
Plastic Films,” by F. C. Dexter, Bakelite Di- 
vision, Union Carbide and Carbon Corp.*® 


At the March, 1953, meeting of the 
subcommittee, the following three papers 
were presented: 

“Increasing the Efficiency and Economy of Ex- 
perimentation,”’ by E. Harrington, Monsanto 
Chemical Co. 

“The ‘Dozi’ Impact Strength Tester,”’ [Demon- 
stration] by Robert Burns, Bell Telephone 
Laboratories, Inc. 

“Evaluation of the Boor-OQMG Snag Tester,” 
by J. J. Lamb, L. Boor, C. Brown, and F. W. 
Reinhart, of the U. S. Government. 


Subcommittee IX on Molds and Mold- 
ing (J. L. Williams, chairman).— 
round-robin testing program is being 
carried out to determine whether gating 
changes and electronic heating should 
be incorporated in a revision of the 
Tentative Recommended Practice for 
Transfer Molding of Specimens of 
Phenolic Materials (D 1046-49 T). 
Need for a new mold shrinkage test 
specimen is being surveyed. 

Subcommittee X on Definitions, Nomen- 


5 Published in ASTM Buttetin, No. 189, April, 1953, 
om as “An Improved Fadeometer, ” by L. 
L. Trucker. 


6 in ASTM Buttetin, No. 192, September, 
1953, p. 40 (TP130) 


clature, and Significance of Tests (C. H. 
Alexander, chairman).—A number of 
definitions are being recommended, as 
outlined in this report, for inclusion in 
the Tentative Definitions of Terms 
Relating to Plastics (D 883 - 52 T). Defi- 
nitions of additional terms are being 
developed for early consideration. 
Subcommittee XIV on Conditioning 
(A. C. Webber, chairman).—Work is in 
progress to establish standard methods 
for measurement of relative humidity, 
particularly in enclosures too small to 
permit the use of the sling psychrometer 
as specified in the Standard Method 
of Determining Relative Humidity 
(D 337 — 34). The Tentative Methods of 
Conditioning Plastics and Electrical In- 
sulating Materials for Testing (D 618 - 
51 T) is being recommended for adoption 
as standard. The work of this subcom- 
mittee is a joint activity with Committee 
D-9 on Electrical Insulating Materials. 


This report has been submitted to letter 
ballot of the committee, which consists 
of 153 ‘members; 96 members returned 
their ballots, of whom 84 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. K. Wirt, 
Chairman. 
G. M. ARMSTRONG, 
Secretary. 


REPORT or CommitrEE D-20 


EpiTor1aAL Note 
f 


Subsequent to the Annual Meeting, Committee D-20 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 
tions: | 


7 Tentative Method of: 
Test for Shrinkage of Molded and Laminated Thermosetting Plastics at 
Elevated Temperature (D 1299 - 53 T), and 
Test for Chlorine Content of Vinyl Chloride Polymers and Copolymers 
(D 1303 53 T). — 
Tentative Specifications and Methods of Test for: 
Laminated Thermosetting Decorative Sheets (D 1300 - 53 T). 


Revision of Tentative Definition of: 
Terms Relating to Plastics (D 883 - 53 T). 


The Tentative Method D 1299 and Tentative Specifications and Methods D 
1300 were accepted by the Standards Committee on September 9, 1953; the re- 
maining recommendations were accepted on December 16, 1953. They all appear 
in the 1953 Supplement to Book of ASTM Standards, Part 6. 


~ 


Committee D-21 on Wax Polishes 
and Related Materials held one meeting 
during the year, at Chicago, IIl., on 
May 20 and 21, 1953. In addition the 
subcommittees met in New York City 
on Dec. 10, 1952. 

At the present time, the committee 
consists of 52 members, of whom 22 
are classified as producers, 11 as con- 
sumers, and 19 as general interest mem- 
bers. There is 1 consulting member. 


New TENTATIVES 


The committee recommends for pub- 
lication as tentative of the following 
three methods as appended hereto:! 


Tentative Methods of Test for: 


Nonvolatile Matter (Total Solids) in Water 
Emulsion Waxes, 

Sediment in Water-Emulsion Waxes by Means 
of Centrifuge, and 

Total Ash and Silica in Water-Emulsion Waxes 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (J. 
T. Hohnstine, chairman) is considering 
a long list of terms presented to them 
for definition by the other subcommit- 
tees. Consideration is being given to the 
preparation of a Glossary of Terms used 
by the industry. 

Subcommittee II on Raw Materials 
(Melvin Fuld, chairman) is completing 
the editorial revision of two methods 
which have already been approved by 
letter ballot. These cover a suggested 


* Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. ‘ 

1 The new tentatives were accepted by the Society 
and appear in the 1953 Supplement to Book of M 
Standards, Part 7. 
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method for the concentration of additives 
in Carnauba or other vegetable waxes 
and the use of refractive index at 100 C 
as an indication of wax adulteration. 
These methods will be published as 
information only. Work is continuing on 
methods for the determination of dirt, 
and for water content of waxes, as well 
as on a method for the determination of 
the hydrocarbon content of waxes by 
chromatography. 

Subcommittee III on Physical and 
Chemical Testing (Donald M. King, 
chairman) developed the three new 
tentative methods for determination of 
nonvolatile matter, ash content, and 
sediment, which are recommended earlier 
in this report. In addition, work is pro- 
gressing on test methods for kinematic 
viscosity, free alkali, and stability of 
wax products. The Task Force on Flash 
Point Determination has reported that 
existing methods are unsatisfactory for 
testing wax polishes, and that several 
modifications of existing methods are 
being tried. 

Subcommittee IV on Performance Tests 
(F. J. Pollnow, Jr., chairman).—The 
Section on Slip Resistance is completing 
its preliminary work on both the Sigler 
and James types of slip testers, and 
the methods will be referred to ballot in 
the subcommittee in the near future. 
The Section on Service Life has made 
considerable progress on the testing of 


water spot resistance of floor waxes. 
The method of measuring the hardness 


7 
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of wax films with the Sward Hardness 
Rocker, however, has been temporarily 
abandoned because of lack of correla- 
tion between laboratories. The Section 
on Appearance is still investigating 
methods of applying uniform wax films 
and plans a comprehensive report on 
the various methods which have been 
investigated. 

Subcommittee V on Specifications (Wm. 
Joy, chairman) has reached a general 
agreement on the properties which 
should be included in a specification for 
industrial type water emulsion wax. 
Completion of this specification now 
awaits the development by the other sub- 
committees of test methods for the 
properties involved. 

The recommendations appearing in 
this report have been submitted to letter 
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ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 53 voting members; 34 mem- 
bers returned their ballots, of whom 
32 have voted affirmatively and 0 neg- 
atively. 


Respectfully submitted on behalf of 
the committee, 
W. W. Watton, 
Chairman. 
B. S. JOHNSON, 
Secretary. 
The letter ballot vote on these recommendations 


favorable; the results of the vote are on record at AST. 
Headquarters. 
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Committee D-22 on Methods of At- 
mospheric Sampling and Analysis held 
two meetings during the year: on March 
5 and 6, 1952, in Cleveland, Ohio, and 
on November 17 and 18, 1952, at Mellon 
Inst., in Pittsburgh, Pa. The present 
membership of the committee consists 
of 49 members, of whom 3 are consulting 
members. Election of officers for the en- 
suing term of two years resulted in the 
election of the following: 

Chairman, L. C. McCabe, 

Vice Chairman, F. S. Mallette, 

Secretary, H. H. Schrenk. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitice I on Nomenclature and 
Units (F. A. Patty, chairman).—The 
subcommittee devoted most of its time 
to definitions. About 75 terms were listed 
as requiring definitions now, and some 60 
other suggested terms were placed in a 
deferred list. Tentative definitions were 
developed for some 20 terms, and others 
are being developed by correspondence. 
Good progress also has been made by the 
task groups on Abbreviations and on 
Symbols and Units. 

Subcommittee II on Sampling Methods 
(L. Silverman, chairman).—A tentative 
report submitted by Task Group A on 
General Principles of Sampling is being 
revised for circulation to the subcom- 
mittee. Task Group B on Gases and 


* Presented at the Fifty-sixth Annual Meeting. of the 
Society, June 28-July 3, 1953. 
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Vapors has prepared a tentative report 
which is being revised. Task Group E on 
Stack or Collector Effluent Sampling has 
prepared a tentative draft, and further 
revisions are being made. A tentative 
draft on Miscellaneous Sampling by Task 
Group F is being revised. 

Subcommittee III on Analytical Meth- 
ods (J. Cholak, chairman).—The fluoride 
study group felt that titration employing 
alizarin and thorium nitrate was accept- 
able as to sensitivity and accuracy, but 
further study of certain factors is being 
made. 

No recommendations were made re- 
garding oxides of nitrogen, although the 
alpha-naphthylamine and phenol-disul- 
fonic acid methods are favored. It was 
felt that these methods could be de- 
scribed as a stop-gap pending develop- 
ment of a dynamic sampling procedure. 

The odor study group presented two — 
methods for the measurement of odors. 
One was a dilution method and the other, 
designed to supplement the dilution 
method, employed activated carbon ad- 
sorption and identification of pollutant 
by analysis. The methods, after revision, 
will be submitted to all members of Sub- 


‘committees I and III for letter ballot 


approval. 

Subcommittee IV on Instrumentation 
(M. D. Thomas, chairman).—A draft of a 
report on the sulfur dioxide analyzer will 
be submitted to the subcommittee for 
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approval. Other methods under con- 
sideration are the spot method for dirt, 
directional dust-fall collection, oxidant 
recorder, and aerosol analysis by light- 
scattering. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 49 members; 35 members re- 


turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. C. McCabe, 
Chairman. 
H. H. ScHRENK, 
Secretary. 
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ON 


CELLULOSE AND CELLULOSE DERIVATIVES* - 


Certain groups of Committee D-23 on 
Cellulose and Cellulose Derivatives met, 
in the course of organization, on Febru- 
ary 21, 1952, in New York City during 
the Annual Meeting of the Technical As- 
sociation of the Pulp and Paper Indus- 
try. On September 19, 1952, the subcom- 
mittees and the committee met at 
Atlantic City, N. J., during the annual 
meeting of the American Chemical Soci- 
ety. The subcommittees completed 
organizational details and general pro- 
gram plans. A new Subcommittee on 
Statistics was established at this time. 

At the meeting of the committee, the 
following officers were elected for the 
term ending in 1954: 

Chairman, Forrest A. Simmonds, 

Vice-Chairman, Leo B. Genung, 

Secretary, Walter W. Becker. 

On February 19, 1953, the Executive 
Subcommittee held an open meeting at 
New York City in conjunction with the 
Annual Meeting of the Technical Asso- 
ciation of the Pulp and Paper Industry. 
The business transacted was chiefly de- 
tails of organization and procedure. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Cellulose (R. M. 
Levy, chairman) is, understandably, a 
very large group. It is presently made up 
of eleven task groups. These and the 
respective chairmen are: 


* Presented at the re sixth Annual Meeting of the 
Society, June 29-July 3, 1 


Absorption and Color, James A. Mitch- 
ell; 

Alpha, Beta, and Gamma Celluloses, 
E. E. Hembree; 

Ash Constituents, J. E. Jeffrey; 

Disperse Viscosity, A. F. Martin; © 

Extractives, Reavis C. Sproull; 

Lignin, F. E. Brauns; 

Moisture, A. G. Scroggie; 

Molecular Chain Length, H. Mark; 

Pentosans, William K. Wilson; 

Sampling, W. L. Stafford; and 

Soda Solubles, Charles H. Lindsley. 

A proposed tentative method for the 
determination of moisture in cellulose is 
being promulgated as the initial activity 
of the subcommittee. 

Subcommittee III on Organic Esters 
(Leo B. Genung, chairman) is organized 
into three task groups as follows: A, New 
Viscosity Method; B, Cellulose Acetate; 
and C, Mixed Esters. 

Within this subcommittee promulga- 
tion has begun on a proposed tentative 
method for viscosities of cellulose de- 
rivatives by the ball-drop method and a 
suggested revision of the Standard Meth- 
ods of Testing Cellulose Acetate (D 
871 - 48). 

Subcommittee IV on Inorganic Esters 
(C. B. Gilbert, chairman).—During the 
organizational period of the committee, 
W. A. Kirklin served as chairman of this 
subcommittee. Relatively little develop- 
mental work is anticipated since ASTM © 
Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products has methods . 
for cellulose nitrate. 
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Subcommittee V on Cellulose Ethers (R. Since its primary purpose is to assist in 
S. Apple, chairman) is organized into the work of all of the subcommittees, its 
three Sections: membership will include a representative 

1. Ethyl Cellulose (Robert Eyler, of each of the other subcommittees. 

chairman).—Existing ASTM methods 
for ethyl cellulose are expected to mini- This report has been submitted to let- 


mize developmental work in this section. tet ballot of the committee, which con- 

2. Methyl Cellulose (R. W. Swinehart, sists of 49 voting members; 38 members 
chairman).—Methods available for ethy] eturned their ballots, of whom 33 have 
cellulose can be adapted for methyl voted affirmatively and 0 negatively. 
cellulose. , 

3. Carboxymethylcellulose (F. W. Smith, submitted on behalf of 
chairman).—The program of this section ' 
comprises the development of methods 
for etherification, purity, and viscosity. 
Subcommittee VI on Statistical Design 
and Analysis (E. J. Delate, chairman).— 


F. A. 
Chairman. 
W. W. BECKER, 
Secretary. 
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Committee E-1 on Methods of Test- 
ing carried on activities on a number of 
projects through its various subcom- 
mittees and task groups. During ASTM 
Committee Week in Detroit, Mich., on 
March 2-6, 1953, meetings were held 
of twelve E-1 subcommittees and task 
groups. Arrangements have been made 
for meetings of 7 subcommittees and 5 
task groups during the 1953 Annual 
Meeting of the Society. In addition, 
Subcommittees 17 on Thermometers-and 
26 on Filtration Materials met at the 
Corning Glass Center, Corning, N. Y., 
on October 8 and 9, 1952, and in Wash- 
ington, D. C., on April 14 and 15, 1953. 
Also Subcommittee 21 on Metalware 
Laboratory Apparatus met in Washing- 
ton on April 15. 

The Board of Directors has reap- 
pointed Messrs. J. R. Townsend and 
W. H. Fulweiler for another term of 
three years and has appointed Messrs. 
A. C. Webber and R. C. McMaster for a 
term of three years as members of Com- 
mittee E-1. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1952 Annual Meet- 
ing, Committee E-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
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Tentative Specifications for: 

Cell Type Oven with Controlled Rates of Venti- 
lation (E 95 - 52 T). 

Revision of Tentative Method of: 


Testing and Standardization of Etched-Stem 
Liquid-In-Giass Thermometers (E 77 — 49 T). 


These recommendations were accepted 
by the Standards Committee on Septem- — 
ber 5, 1952, and the new and revised : 
tentatives appear in the 1952 Book of 
ASTM Standards, E 95 in Part 6, and 
E 77 in Part 5. 

On October 23, 1952, the Administra- 
tive Committee on Standards accepted | 
the following recommendations sub- 
mitted by Committee E-1: 


Revision of Tentative Method for: 


Determination of the pH of Aqueous Solutions 
with the Glass Electrode (E 70 - 46 T), and 

Compression Testing of Metallic Materials (E 9 - 
51 T), the revision comprising a combination 
of Methods E 9 and E 78. 


Withdrawal of Tentative Method of: 


Compression Testing of Metallic Materials in - 
Sheet Form (E 78-51 T). 


The revised methods appear in the | 
1952 Book of ASTM Standards; E 70 in 7 
Parts 4, 5, 6, and 7, and E 9 in Parts 1 
and 2. 

Revisions of the Tentative Method of | 
Verification and Classification of Ex- 
tensometers (E 83-50 T) were accepted 
by the Standards Committee on Novem- 
ber 18, 1952. The revised method ap- 
pears in Parts 1, 2, and 6 of the 1952 
Book of ASTM Standards. 


| 
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New TENTATIVE 


Tentative Methods of Test for Measur- 
ing Water Vapor Transmission of Mate- 
rials in Sheet Form—The committee 
recommends these methods for publica- 
tion as tentative as appended hereto.! 
These new methods were developed by 
the Task Group on Water Vapor Per- 
meability (Robert Burns, chairman) 
and represent the results of approxi- 
mately four years of cooperative work in 
correlating the various ASTM methods 
for water vapor transmission. They are 
applicable to a variety of materials such 
as paper, plastic film, and sheet materials. 
Five procedures for water permeability 
under different test conditions are 
covered. These methods were developed 
cooperatively with representatives of 
those ASTM technical committees 
having a major interest in the problem; 
in addition improvements have been 
made aimed at extending the usefulness 
of the methods for committees not having 
procedures of their own. It is hoped 
the methods will be found generally 
acceptable and will eventually replace 
the existing methods. 


TENTATIVE REVISION OF STANDARD 


Kinematic Viscosity Thermometers.— 
The committee also recommends the 
three new Specifications for ASTM 
Kinematic Viscosity Thermometers hav- 
ing temperature ranges of —2.5 to +2.5 
F, —42.5 to —37.5 F, and —67.5 to 
—62.5 F’, as appended hereto? for publi- 
cation as tentative as part of the Specifi- 
cations for ASTM Thermometers (E 1 - 
52). These new thermometer specifica- 
tions were prepared at the request of Com- 
mittee D-2 on Petroleum Products and 
Lubricants for use in the revised ASTM 
Tentative Methods of Test for Kinema- 
tic Viscosity (D 445 — 53 T).* Since two 


1 The new tentative was accepted by the Society 
and appears in the 1953 Supplement to Book of ASTM 
Standards, Part 7. : 

2 The new specifications were accepted by the So- 
ciety and appear as part of Standard E1- 53 in the 
1953 supplement to Book of ASTM Standards, Part 5. 

21952 Book of ASTM Standards, Part 5. 


of these thermometers will be used at 
temperatures below the freezing point of 
mercury (—40 F) they are constructed 
with a mercury-thallium alloy as the 
actuating liquid. 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of the Standard Specifications for ASTM 
Thermometers (E 1-52)® and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that this recommendation may 
be referred to letter ballot of the Society: 

Table I.—Revise the various thermom- 
eters in this table as follows: 


On ASTM Bomb Calorimeter Thermometer 
56 F, change the standardization interval from 

Continue to specify glass ring only for top 
finish on thermometers 56 C and 56 F. 

Change ASTM Aniline Point Thermometers 
34 C and 34 F to eliminate contraction chamber. 
This requires slight revisions in dimensions as 
follows: bulb length 10 to 19 mm, bottom of 
bulb 106 to 120 mm, top of thermometer to 
graduation line 30 to 45 mm. 

Change ASTM Solvents Distillation Ther- 
mometer 38 C to eliminate contraction chamber. 
This revision changes dimensions as follows: 
bottom of bulb to 24C-126 to 146 mm, top of 
thermometer to 78C-26 to 46 mm. 

Change all Fahrenheit Thermometers to 
specify the immersion in millimeters rather than 
in inches. 

Change Saybolt Viscosity Thermometers 17 C 
to 22 F, inclusive, to specify an arrow marking 
the test points in place of a contrasting color. 

Change ASTM Solvents Distillation Ther- 
mometer 37 C to include 0 C asa standardization 
temperature. 

Change all Partial Immersion Thermometers 
to include a tolerance of +0.5 mm on specified 
location of the immersion line. 


ADOPTION OF TENTATIVE REVISIONS AS 
STANDARD 


The committee recommends for adop- 
tion as standard the 18 Specifications 
for ASTM Precision Thermometers 62C 
to 70C and 62F to 70F as published in 


4 The revised methods appear in the 1953 Supplement 
to Book of ASTM Standards, Part 5. 
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Table I of the Standard Specifications 
for ASTM Thermometers (E 1-52)* and 
requests that this proposal be approved 
for reference to letter ballot of the So- 
ciety. 


ACTIVITIES OF SUBCOMMITTEES AND 
Task GROUPS 


Subcommittee 1 on Calibration of Me- 
chanical Testing Machines and Appara- 
tus (B. L. Wilson, chairman).—This 
subcommittee has a task group con- 
sidering the use of balances and weights 
for the calibration of hardness testing 
machines. Under consideration also is 
the need for a portable extensometer 
calibrator for testing machines since 
these devices are now available from 
several sources. 

Subcommittee 2 on Effect of Speed in 
Mechanical Testing (P. G. McVetty, 
chairman).—During the past year the 
principal work of this subcommittee has 
been divided among four task groups. 

The Task Group on Bibliography 
under B. L. Wilson, chairman, has 
brought up to date the bibliography 
on speed of testing, last published in 
1947, by the addition of 213 references 
and abstracts. This material is ready 
for publication. 

The Task Group on Metallic Materials 
under F. M. Howell, chairman, has con- 
sidered the specifications of the Ameri- 
can Iron and Steel Institute and 
suggestions for changes in the speed 
requirements of the Tentative Methods 
of Tension Testing of Metallic Materials 
(E 8-52 T). As soon as the current re- 
vision of Federal Specification QQ-M-151 
is available, the revision of Methods E 8 
will be reconsidered. 

The Task Group on Non-Metallic Ma- 
terials under F. G. Tatnall, chairman, 
has work in progress on the correlation 
of speed requirements for various non- 
metallic materials. 

The Task Group on Testing Machines 
and Speed Control Equipment is being 


reactivated under its new chairman N. 
H. Murdza. 

Subcommitiee 3 on Elastic Strength of 
Materials (F. M. Howell, chairman).— 
The work of this subcommittee has been 
centered in its two task groups as follows: 

The Task Group on Elastic Constants 
under Walter Ramberg, chairman, is 
undertaking the preparation of a tenta- 
tive method for determining Young’s 
modulus for metals at room tempera- 
ture. Following completion of this a 
recommended practice will be developed 
for the determination of Poisson’s ratio 
and shear modulus at room temperature. 
The need for these methods has been 
indicated as the result of the Symposium 
on Determination of Elastic Constants® 
which was sponsored by this subcom- 
mittee in June, 1952. The chairman of 
the task group presented to the com- 
mittee an interesting summary of meth- 
ods for determining elastic constants that 
are being used in European laboratories 
based on information obtained on his 
attendance at the Eighth International 
Congress for Applied Mechanics held in 
Istanbul in August, 1952. 

The Task Group on Correlation of 
Definitions Relating to Methods of Testing 
under P. G. McVetty, chairman, has 
considered at length the problems in- 
volved in revising the Standard Defi- 
nition of Terms Relating to Methods of 
Testing (E 6-36). Considerable informa- 
tion has been obtained as a result of 
three articles and discussions published 
in the ASTM Buttetin® and from a ques- 
tionnaire to members of Committee E-8 
on Nomenclature and Definitions. The 
first proposed revision will be limited to 
thirteen terms. The Books of ASTM 
Standards have been surveyed for various 
ASTM definitions of these terms and 
compilations of existing definitions and 
suggestions for changes are being pre- 

5 Issued as separate publication ASTM STP No. 129. 

6“ ASTM Definitions of Terms Relating to Methods of 


Testing,” ASTM Buttetin, No. 182, May, 1952, p. 66; dis- 
cussion, No. 185, October, 1952, p. 25, and No. 187, Janu- 
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pared. This background material will be 
used to draft the proposed revision. It is 
expected that this will be ready for re- 
view by Subcommittee 3 in March, 
1954. 

Subcommiitee 4 on Tension Testing 
(R. L. Templin, chairman).—A task 
group has been appointed to consider 
revisions of the definitions in the Tenta- 
tive Methods of Tension Testing of 
Metallic Materials (E 8 — 52 T) to corre- 
spond with revised definitions for the 
terms yield point, yield strength, re- 
duction of area, etc., now being prepared 
by Subcommittee 3. 

The subcommittee considered a re- 
quest from Mr. W. R. Willets, repre- 
sentative of Committee D-6 on Paper and 
Paper Products, that a task group be 
appointed to undertake preparation of 
methods for tension testing of non- 
metallic sheet materials. It was also 
suggested that the subcommittee should 
sponsor a symposium on tension testing 
of non-metallic materials in order to 
obtain data on processes and techniques 
now being followed in the testing of 
various types of non-metals. If sufficient 
interest is evidenced in this project a 
task group will be appointed. 

The subcommittee reviewed a pro- 
posed Tentative Method of Testing 
Sandwich Constructious in Tension in 
Flatwise Plane prepared by Committee 
C-19 on Structural Sandwich Construc- 
tions and submitted comments and sug- 
gestions for consideration. 

Subcommittee 6 on Indentation Hard- 
ness (R. H. Heyer, chairman).—The 
Tentative Method of Test for Brinell 
Hardness of Metallic Materials (E 10 - 
50 T) has been reviewed and recom- 
mendations for revision are being formu- 
lated. A test method for rapid direct- 
reading types of indentation hardness 
tests is being drafted. Portable indenta- 
tion hardness testers are also under 
study. The procedure of applying the 
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major load in Rockwell hardness testing 
is under study. 

A Survey of Investigations of Effect of 
Sample Thickness on Rockwell Tests has 
been prepared in cooperation with Sub- 
committee W-1, of Committee B-5 on 
Copper and Copper Alloys, and will be 
submitted for publication in the ASTM 
BULLETIN.’ 

A Correlation of Published Data for 
Rockwell “C” and “30 N” Corrections 
for Cylindrical Specimens has been pre- 
pared and this will also be offered for 
publication after editorial review.® 

Subcommittee 6 participated in the 
meeting of Technical Committee 17 on 
Steel, of the International Organization 
for Standardization, held in New York 
at Columbia University on June 9 to 12, 
1952. 

Subcommitiee 7 on Impact Testing 
(W. W. Werring, chairman).—This 
subcommittee is now voting on some pro- 
posed revisions in the Tentative Meth- 
ods of Impact Testing of Metallic Ma- 
terials (E 23 -47 T). 

This subcommittee has under con- 
sideration the matter of sponsoring a 
symposium on impact testing in order 
to present up-to-date information on 
newer types of impact tests now being 
used for various materials. 

Subcommittee 9 on Rheological Proper- 
ties (W. F. Fair, Jr., chairman).—The 
Task Group on Absolute Viscosity has 
taken steps to organize an American 
group to advise on rheological matters 
in connection with Technical Committee 
66 on Viscosity, of the International 
Organization for Standardization. 

The Standard Definition of Terms 
Relating to Rheological Properties of 


7R. H. Heyer and V. E. Lysaght, “Survey of In- 
vestigations of Effect of Specimen Thickness on Rock- 
well Test,” ASTM Buttetin, No. 193, October, 1953, p. 
32 (TP164). 

®R. S. Sutton and R. H. Heyer, “Correlation of 
Published Data for Correction of Rockwell Diamond 
Penetrator Hardness Tests on Cylindrical Specimens,” 
2) Buttetin, No. 193, October, 1953, p. 40 (TP 
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Matter (E 24 —- 42) are still under review 
by the task group under the chairman- 
ship of R. N. Traxler. 

The Proposed Method of Test for 
Furol Viscosity of Asphalts at High 
Temperatures prepared by the task 
group under the chairmanship of R. R. 
Thurston has been approved by letter 
ballot. Consideration is now being given 
to the publication of this method as ten- 
tative through submittal to the Stand- 
ards Committee. 

The Tentative Method of Test for 
Softening Point by Ring-and-Ball Ap- 
paratus (E 28 — 51 T) is recommended 
for continuation as tentative by the 
task group under the chairmanship of 
W. A. Kirklin. The task group is awaiting 
recommendations from the Subcom- 
mittee on Softening Point, of Commit- 
tee D-4 on Road Materials, regarding 
revised instructions for the preparation 
of asphalt samples. Also additional 
collaborative tests using the powder 
method for preparation of resin samples 
are under way in Subcommittee XI on 
Resins, of Committee D-1 on Paint 
Materials. 

Subcommittee 11 on Subsieve Testing 
(L. T. Work, chairman).—This sub- 
committee has the dual responsibility 
for watching the trends in the field, 
and for taking specific steps when these 
are indicated. Observations made dur- 
ing the past year have indicated no 
pressing responsibilities in the direction 
of revising the existing methods. Plans 
for a general review of the field are being 
considered as a future activity through 
sponsorship of a symposium on particle 
size measurement. 

Subcommittee 12 on Methods for Den- 
sity (Wilmer Souder, chairman).—This 
subcommittee has given consideration to 
the need for a general method or meth- 
ods of test for density. As a first step it 
was agreed that the various methods for 
determining density now published by 


On MEtHOps oF TESTING 493° 


the Society should be classified and re- 
viewed. A task group under the chair- 
manship of J. J. Moran was accordingly 
appointed to proceed with this project. 

Subcommittee 14 on Conditioning and 
Weathering (A. C. Webber, chairman).— 
A list of essential requirements for en- 
closures for high humidity testing was 
prepared by this subcommittee at its 
March meeting. These proposed require- 
ments have been referred to a task group 
as a basis for preparing a proposed stand- 
ard. The subcommittee has also decided 
to undertake the preparation of general 
methods of determining relative humid- 
ity, and especially humidities in small 
enclosures, since the need for a more up- 
to-date method than the present ASTM 
Standard Method of Determining Rela- 
tive Humidity (D 337 - 34) has been 
indicated. 

Subcommiitee 15 on Chemical Analysis 
(J. W. Stillman, chairman).—The first 
draft of Proposed Recommendations on 
Form of ASTM Methods for Chemical 
Analysis has been completed by a task 
group consisting of W. A. Kirklin, C. K. 
Rice, and J. W. Stillman following three | 
meetings held at ASTM Headquarters. 
This draft will be presented to the sub- 
committee at its June meeting. 

The subcommittee is still exploring the 
possibility of a publication containing 
the ASTM Methods for the Chemical 
Analysis of Non-Metallic Materials. The 
existing methods for analysis of the in- 
organic non-metallic materials seem to 
hold the most promise for such a con- 
solidation. 

Subcommittee 17 on Thermometers (R. 
M. Wilhelm, chairman).—This sub- 
committee has been especially active as 
indicated by the several new specifica- 
tions for thermometers and recommended 
changes in the existing Specifications for 
ASTM Thermometers presented earlier 
in this report. 

Subcommitiee 18 on Hydrometers (R. D. 
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Thompson, chairman).—During the past 
year the subcommittee continued its 
work on the preparation of specifications 
for hydrometers. A milestone was reached 
in the publication of the Proposed Speci- 
fications for ASTM Hydrometers in the 
appendix to the 1952 Report of Commit- 
tee E-1.° Included in these specifications 
are the 30 API hydrometers, and in ad- 
dition, 10 API Thermo-Hydrometers 
having the thermometer scale in the body 
along with 4 API Thermo-Hydrometers 
having the thermometer scale in the 
stem. Two new soil hydrometers are also 
included. 

The Task Group on Specifications 
plans to continue work in this field, the 
next step being the preparation of speci- 
fications for specific gravity hydrometers 
for both light and heavy liquids. 

A task group was appointed in 1952 to 
develop methods of testing hydrometers. 

Subcommitiee 19 on Glassware Labora- 
tory A pparatus (J. J. Moran, chairman).— 
The subcommittee has continued to 
serve in an advisory and consulting 
capacity to the technical committees of 
the Society on problems dealing with 
laboratory glassware. An important ac- 
complishment during the year was the 
completion of specifications for a new 
distilling flask which will replace the 100- 
ml Engler flask used in various distilla- 
tion tests by a number of committees. 

Subcommittee 21 on Meialware Labora- 
lory Apparatus (E. L. Ruh, chairman).— 
The Specifications for Cell Type Oven 
with Controlled Rates of Ventilation 
(E 95 - 52 T) have now been published 
as tentative by the Society. Arrange- 
ments have been made by the subcom- 
mittee to display at the Annual Meeting 
in June laboratory ovens made in ac- 
cordance with these specifications. It is 
expected that this exhibit will be of 
special interest to a number of technical 
committees. 


*See Editorial Note, p. 495 
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The subcommittee has given consid- 
eration during the year to the following 
types of metalware apparatus: grease 
testing equipment, Engler viscosimeters, 
flash point testers, ring-and-ball softening 
point apparatus. 

Subcommittee 22 on Hydrogen Ion De- 
termination (E. B. Ashcraft, chairman). 
—The Revised Tentative Method for 
Determination of the pH of Aqueous 
Solutions with the Glass Electrode 
(E 70 — 52 T) was accepted by the So- 
ciety in October, 1952. The first draft of a 
Tentative Method for the Colorimetric 
Determination of the pH of Aqueous 
Solutions has been prepared and cir- 
culated within the subcommittee for 
comment. Some of the suggested changes 
are rather extensive and it is not antici- 
pated that agreement on the method 
can be reached before next year. 

Subcommittee 26 on Filtration Mate- 
rials (T. L. King, chairman).—This sub- 
committee has been engaged in a study 
of the properties of rigid porous filters 
during the past two years. The problems 
have been defined and substantial agree- 
ment reached as to the properties to be 
measured and the test methods to be 
used. Work is now progressing toward 
early completion of proposals for test 
methods and specifications to be sub- 
mitted to the committee. 

Task Group A on Distillation Tests 
(J. S. Fawcett, chairman).—This task 
group under its new chairman has been 
continuing its review of the various 
ASTM distillation tests. It has also been 
cooperating with the Joint D-1-D-2 
Committee on Distillation Tests in a 
review of the proposed scopes of the 
Standard Method of Test for Distilla- 
tion of Gasoline, Naphtha, Kerosine, 
and Similar Petroleum Products (D 88 - 
52) and Tentative Method of Test for 
Distillation Range of Lacquer Solvents 
aud Diluents (D 1078 - 52 T). 


Task Group B on Low-Temperature 
Testing of Elastomers and Plastics (R. 
S. Havenhill, chairman).—During the 
year 1952, Task Group B was expanded 
to include three active sections on low- 
temperature tests. 

Section I on Stiffness Tests (F. M. 
Gavan, chairman) presented the final 
report on its work. This comprehensive 
report of over 50 pages contained not 
only the graphic results of nine stiffness 
tests on crude rubber, GR-S, and poly- 
ethylene at temperatures ranging from 
+73.4 F to —80 F, but also pertinent 
comments on the limitations and ad- 
vantages of this work which was carried 
out by eleven different laboratories. It 
was decided to publish in the technical 
journals a condensed version of this re- 
port. This condensed report will be pre- 
pared by F. S. Conant who will cooper- 
ate with F. M. Gavan, W. E. Scoville, 
L. Boor, and R. S. Havenhill. ; 

As a result of this work, recommenda- 
tions for certain changes in the Tentative 
Method of Test for Brittleness Tempera- 
ture of Plastics and Elastomers by Im- 
pact (D 746-52 T) will probably be 
made by Committee D-20 on Plastics. 
Plans are under way by this subcom- 
mittee for consideration of brittleness 
tests and tests for rheological properties. 
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hardness instruments used. The results 
of tests obtained by nine laboratories on 
natural rubber, GR-S, non-rigid vinyl, 
and polyethylene at temperatures from 
+73.4 F to —80 F have been received 
and will be correlated by Ross Shearer. 

Section III on Correlation of Bureau of 
Ships Tests (J. R. Britt, replacing C. F. 
Greenleaf as chairman) has reported a 
correlation between tests run with several 
different hardness testers which may pos- 
sibly be close enough for specification 
work. A detailed report is under prepara- 
tion. 

Task Group C on Water Vapor Perme- 
ability (Robert Burns, chairman).—This 
subcommittee completed the Methods 
of Test for Measuring Water Vapor 
Transmission of Materials in Sheet 
Form which are being submitted as 
tentative as mentioned earlier in this 
report.! 


This report has been submitted to 
letter ballot of the committee, which 
consists of 49 voting members; 21 mem- 
bers returned their ballots, of whom 20 
have voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of _ 
the committee, 
J. R. TowNnseEnD, 


Section II on Hardness Round-Robin Chairman. 
Tests (W. E. Scoville, chairman) has P. J. Smiru, 
prepared a detailed analysis of the eight Secretary. a 
Eprtor1aL NOTE 4 


tions: 


Tentative Specifications for: 


ASTM Thermometers (E 1 - 53). 


Subsequent to the Annual Meeting, Committee E-1 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


ASTM Hydrometers (E 100 - 53 T). 
Tentative Revision of Standard Specifications for: 


These recommendations were accepted by the Standards Committee on Sep- 
tember 9, 1953, and Tentative Specifications E 100 appear in Parts 3 and 5 of the 
1953 Supplement to Book of ASTM Standards, and the tentative revision of 
Standard Specifications E 1 appears in Parts 3, 4, and 5 of the 1953 Supplement. 7 


REPORT OF COMMITTEE E-2 
ON 


EMISSION SPECTROSCOPY* 


Committee E-2 on Emission Spec- 
troscopy held two meetings during the 
year, the first in New York, N. Y., on 
June 25, 1952, and the second in Pitts- 
burgh, Pa., on March 6, 1953. Meetings 
of the Advisory Committee were held in 
New York, N. Y., on June 25, 1952; in 
Boston, Mass., on October 9, 1952; and 
in Pittsburgh, Pa. on March 5, 1953. 

The committee has submitted the 
following material to the Society for 
publication: 

(1) Chemical Analysis of Inorganic 
Solids by Means of the Mass Spec- 
trometer. This collection of three papers 
and discussion, representing the sympo- 
sium held at the 1951 Annual Meeting, is 
being published by the Society as Special 
Technical Publication STP No. 149. 

(2) Methods for Emission Spectro- 
chemical Analysis.! This will be a book 
containing 53 suggested methods, 3 
suggested practices, a suggested nomen- 
clature in applied spectroscopy, and 
several tentative methods. This publica- 
tion will be the first extensive compilation 
of spectrochemical methods. 

(3) Index to the Literature on Spec- 
trochemical Analysis, Part III, 1946- 
1950, by B. F. Scribner and W. F. 
Meggers.? This is an extension of a 
bibliography which in earlier editions 
covered the literature from 1920 to 1945. 

Two proposed new tentative methods 
have been prepared for action of the 
Administrative Committee on Standards. 
The first is a revision of former Tenta- 


* Presented at the 7 am Annual Meeting of the 
Society, June 28-July 3, 

1 Published October, 
2 eae as separate publication ASTM STP No. 41-C. 
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tive Methods E 26 and E 27, in which 
the methods are combined under the 
title of Tentative Method for Spectro- 
chemical Analysis of Zinc-Base Alloys 
and Zinc by the Solution - D-C Arc Tech- 
nique. The second is a proposed new 
tentative method entitled Tentative 
Method for Spectrochemical Analysis of 
Aluminum and its Alloys by the Point- 
to-Plane Spark Technique. 

The committee, through its vice- 
chairman, E. B. Ashcraft, has arranged 
for a symposium on Fluorescent X-ray 
Spectrographic Analysis for the 1953 
Annual Meeting.’ 

SUBCOMMITTEE ACTIVITIES 

Subcommitiee I on Apparatus and 
Equipment (R. G. Russell, chairman).— 
A revised draft of a report on Description 
and Specification of Spectrographic 
Equipment is being prepared. Descrip- 
tions of spectrographic excitation sources 
and other apparatus, and methods for 
testing equipment, also are being pre- 
pared. A procedure for testing experi- 
mental emulsions has been prepared by 
A. J. Mitteldorf in conjunction with the 
Eastman Kodak Co. Three photographic 
emulsions are included in the present 
program. 

Subcommittee II on Fundamental 
Methods (R. W. Smith, chairman).— 
Group 1 on Specification of Spark 
Generators, headed by R. A. Wolfe, held 
two meetings to discuss means of carry- 
ing out cooperative testing in the com- 
parison of spark generators. The group 
is now engaged in selecting and measur- 


3 Issued as separate peitiention ASTM STP No. 157 
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ing suitable line pairs to be employed in 
the testing. Group 2, headed by Jacob 
Sherman, continued the preparation of a 
revised version of Specifications of 
Precision and Accuracy. The work of 
Group 3 was completed, for the present, 
by the preparation of the Suggested 
Practice for Photographic Photometry, 
by Cyrus Feldman, which is to be in- 
cluded in the forthcoming book. Group 4 
has completed the Suggested Practice for 
Photographic Processing, prepared by 
H. A. Tuttle; this is also to be included 
in the book and is being prepared for 
acceptance as a tentative practice. 
Group 5 on Basic Calculations of Spec- 
trographic Analysis has circulated a 
report by J. H. Coulliette and M. F. 
Hasler, within Subcommittee II. Group 6 
on Semiquantitative Methods, headed by 
D. L. Fry, is preparing five types of 
samples with different matrices; these 
will be circulated for the testing of semi- 
quantitative methods of analysis. 

Subcommittee III, Editorial (C. L. 
Guettel, chairman) has completed the 
reviewing and editing of the material for 
the forthcoming book of suggested 
methods. V. A. Fassel has been ap- 
pointed chairman of the Nomenclature 
Group; this group represents Committee 
E-2 on the Joint Committee on Nomen- 
clature in Applied Spectroscopy. Cyrus 
Feldman has been appointed chairman 
of the Translation Service group, which 
plans considerable activity in this field. 

Subcommittee IV on Standard Samples 
and Pure Materials (G. A. .Nahstoll, 
chairman) is actively engaged in the 
study of graphite electrodes, particularly 
with respect to methods of testing for 
purity and the adoption of standard 
shapes and sizes of preformed electrodes. 
This group activity is headed by W. J. 
Edgar. 

Subcommitiee V on Copper, Nickel, and 
Their Alloys (E. K. Jaycox, chairman) is 
engaged in establishing methods for 
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sampling copper-base alloys, through a 
group headed by W. A. Young. The 
Suggested Method for the Spectro- 
chemical Analysis of Nickel Alloys by the 
D-C Arc Technique is being rewritten for 
conversion to tentative status, 

Subcommitiee VI on Lead, Tin, An- 
timony, Bismuth, and Their Alloys (E. J. 
Dunn, Jr., chairman) represented Com- 
mittee E-2 on the Panel Discussion on 
Analysis of Tin, a part of the Symposium 
on Tin held at the 1952 Annual Meeting 
of the Society (published as Special 
Technical Publication No. 141 (1953)). 
A suggested method for the analysis of 
antimony metal is being revised prior to 
distribution to Committee E-2 members. 
Tentative methods are being prepared 
for the analysis of tin and of lead. 

Subcommittee VII on Aluminum, Mag- 
nesium, and Their Alloys (J. R. Church- 
ill, chairman) prepared the proposed 
Tentative Method for the Spectrochemi- 
cal Analysis of Aluminum and its Alloys 
by the Point-to-Plane Spark Technique. 

Subcommittee VIII on Zinc, Cadmium, 
and Their Alloys (Alan Goldblatt, chair- 
man) prepared the proposed Tentative 
Method for the Analysis of Zinc-Base 
Alloys and Zinc by the Solution - D-C 
Arc Technique. A second draft has been 
prepared of a tentative method for the 
analysis of zinc alloys using the point-to- 
plane and cast-pin spark techniques. 

Subcommitiee IX on Ferrous Metals 
(P. R. Irish, chairman) has been engaged 
in the preparation of a tentative method 
for the spark spectrochemical analysis of 
steel and cast iron. A second draft of the 
method is under review. A group on 
Sampling of Ferrous Metals, headed by 
E. R. Vance, has prepared a procedure 
which has been reviewed by the sub- | 
committee. 

Subcommittee X on Non-Metals (W. J. 
Poehlman, chairman) is continuing the ~ 
collection of suggested methods. A total — 
of 19 methods has been collected, of 


vhas been 
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which 12 will appear in the forthcoming turned their ballots, of whom 101 have 
book. The preparation of tentative voted affirmatively and 0 negatively. 


methods is planned for alkali solutions, 


ores and ceramic materials, and similar Respectfully submitted on behalf of 


substances. the committee, 


This report has been submitted to 
letter ballot of the committee, which con- J. H. CouLiie7TE, 
sists of 120 members; 105 members re- Secretary. 


Subsequent: to the Annual Meeting, Committee E-2 presented to the Society 
through the Administrative Committee on Standards the following recommenda- 


tions: 


Tentative Method of: 


Spectrochemical Analysis of Aluminum and its Alloys by the Point-to-Plane 


Spark Technique (E 101 - 53 T). 
Revision of Tentative Method of: 


B. F. ScRIBNER, 


Chairman. 


Analysis of Zinc-Alloy Die Castings for Minor Constituents 
and Impurities (E 27 - 43 T), with a change in title to read ‘“Tentative 
Method for Spectrochemical Analysis of Zinc-Base Alloys and High 


Grade Zinc by the Solution - D-C Arc Technique.” 
Withdrawal of Tentative Method of: 


ical Analysis of Zinc for Lead, Iron, and Cadmium (E 26 - 43 T) 


(Incorporated in E 27 - 53 T). 


These recommendations were accepted by the Standards Committee on Sep- 


pilation of Methods for Emission Spectrochemical Analysis. 


tember 9, 1953, and the new and revised tentative methods appear in the Com- 
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Committee E-3 on Chemical Analysis 
of Metals held its meeting at the Annual 
Meeting of the Society on June 23, 1952, 
at New York, N. Y. 

At the present time the committee 
consists of 116 members. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Recommended Practices for 
Apparatus for Chemical Analysis of 
Metals (E 50-48 T)' be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


ACTIVITIES OF SUBCOMMITTEES 


Editorial Subcommitiee—Two meet- 
ings of the subcommittee were held 
during the year. The major considera- 
tions have been (/) the incorporation of 
common procedures in methods, and (2) 
the preparation of a style manual 
covering the form of ASTM Methods for 
Chemical Analysis of Metals. In the 
first instance, progress has been made to 
the point of including a common pro- 
cedure for at least one element. A 
special numbering system is to be devised 
and initially the common procedure will 
be repeated with each method covering 
the element, in order to facilitate 
transition to the new form of the 
subsequent methods book. A draft 
(fourth) covering the Recommendations 

* Presented at the Jee: sixth Annual Meeting of 
the June 28-Ju 
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on Form is to be written. Considerable 
effort has been given to defining the 
subject headings properly, so that no 
conflict with other technical committee 
groups will occur. 

Division F on Ferrous Metals.—At the 
annual meeting the progress of the 
various task force groups was reviewed. 
The projects assigned these task force 
groups cover methods for the analysis of 
ferroboron and ferrotitanium, the de- 
termination of silicon in ferrotungsten, 
aluminum in stainless-type steels, man- 
ganese in steels (photometric), mag- 
nesium in nodular iron, columbium and 
tantalum in stainless-type steels, cobalt 
in high-alloy steels, sulfur (combustion) 
in plain carbon steels and cast iron, and 
zirconium in alloy steels. 

The study of the volumetric method 
for silicon in ferrotungsten has been 
completed, as well as methods for the 
analysis of ferrotitanium. The first 
drafts of these procedures have been 
sent to the Editorial Subcommittee for 
review. 

Considerable difficulty was encoun- 
tered in the development work on 
methods for the analysis of ferroboron, 
which in part appeared to be due to lack 
of homogeneity in the standard samples 
used. The task group is attempting to 
utilize one of the ion exchange resins for 
the separation and determination of 
boron in this ferroalloy. 

The work on the development of an 
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accurate method for residual amounts of 
aluminum in stainless-type steels has 
been very difficult, and to date no 
entirely satisfactory procedure has been 
forthcoming. This subgroup has done a 
considerable amount of work, but as yet 
no definite decision has been reached as 
to which of the many methods studied 
should be recommended as a standard 
ASTM procedure. 

Studies on a photometric method for 
manganese in steels have been very 
encouraging, and it is anticipated that a 
proposed procedure will be ready for 
editorial review in the near future. 

Work on the development of a method 
for magnesium in nodular iron is still in 
progress, and a final procedure is 
expected sometime during the coming 
year. 

The task group responsible for studies 
on the combustion method for sulfur 
applicable to carbon steels and cast iron 
is attempting to develop a method using 
theoretical factors. 

Interesting reports are being received 
regarding the high-frequency induction 
combustion as applied to the determina- 
tion of sulfur, and a portion of the task 
force group is investigating this ap- 
proach. It was the consensus of the 
division that the method using empirical 
factors, which is in quite common use in 
many steel plant laboratories, should be 
considered as an expedient measure and 
accepted provisionally as a tentative 
ASTM method. 

A large amount of work has been 
carried on by the task group responsible 
for methods for columbium and tantalum 
in stainless-type steels. It is anticipated 
that a satisfactory photometric method 
for these two elements will be forth- 
coming in the next few months. 

It is anticipated that a potentiometric 
method for cobalt in high-alloy steels 
will be available for study by this task 
force in the next month or so. 


500 REPORT OF COMMITTEE E-3 ) 


Very little progress has been made by 
the task force handling methods for 
zirconium in tungsten steels, but an 
attempt will be made to get some active 
work under way during the coming year. 

The new task force group organized 
for the development of standard methods 
for the determination of small or residual 
amounts of elements, such as aluminum, 
chromium, nickel, cobalt, etc., in high- 
silicon steels has been very active. The 
new high-silicon Bureau of Standards’ 
sample 125a is being used in the work of 
this task group. 

At the annual meeting of the division 
in 1952, it was the concensus that more 
attention should be given rapid pho- 
tometric methods for determining small 
or residual amounts of various elements. 
In most instances these procedures utilize 
color reactions, which are specific for 
the elements being determined and are 
much less time consuming and are as 
accurate, if not more so, than the more 
time-consuming volumetric and gravi- 
metric methods used heretofore. In 
order for the division to be progressive, 
more consideration will have to be given 
to the photometric approach, even 
though such methods do sometimes call 
for instruments that are not available in 
many laboratories. It is felt if such 
methods are adopted as standard by 
ASTM, laboratories called on to use the 
methods will equip themselves to do so. 

Division S on Sampling—Subcom- 
mittee S-2 wrote and distributed for 
comment a method for the Sampling of 
Non-Ferrous Metals and Alloys in Cast 
and Wrought Form for the Determina- 
tion of Chemical Composition, a combi- 
nation of Methods E 55 and E 88. 

Work on Method E 88, in cooperation 
with Committee B-2, is being carried on 
and a task group was appointed to 
review the comments on it. 

Another task group is starting work 
on sampling methods for titanium 
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metal and alloys in cooperation with Di- 
vision M. ie 

The problem of sampling pig tin has 
been discussed, but since no specific tin 
specification has yet been issued by the 
Society, an attempt to write a sampling 
procedure was deferred until such time 
as a specification is written. 

It was agreed upon by the committee 
to continue existing tentative sampling 
specifications as tentative. 


Division N on Non-Ferrous Metals: 


Subcommittee N-1 on Copper and Its 
Alloys has prepared methods for the an- 
alysis of beryllium-copper alloys, which 
should be submitted for ballot in the near 
future. 

Methods for the analysis of fire- 
refined copper are progressing. The 
method for arsenic is ready for ballot, 
and cooperative work is being done on a 
recently submitted rhodamine-B pho- 
tometric method for antimony. Some 
cooperative work has been submitted 
for selenium and tellurium. It is expected 
to complete this work for the next 
edition of the Book of ASTM Methods 
for Chemical Analysis of Metals. 

Subcommittee N-3 on Aluminum and 
its Alloys.—Of the three methods under 
consideration (magnesium, silicon, and 
zinc) the work on the photometric 
method for silicon by the molybdisilicic 
acid method has been completed. This 
procedure shows particular advantages 
in the lower range of silicon as to 
accuracy. For aluminum-silicon alloys it 
compares favorably with the gravimetric 
SiO. method, with the additional ad- 
vantage of a considerable saving of time. 

For the determination of zinc some 
progress has been made applying the 
dithizone method. 

A new approach is being tried for the 
determination of magnesium by titri- 
metric means using disodium ethylenedi- 
amine tetraacetate. The results obtained 
so far are most encouraging. 


Subcommittee N-4 on Zinc and its 
Alloys has under consideration the 
photometric method for aluminum in 
zinc spelter, using eriochromecyanin R. 

Additional data are being obtained 
before submitting the cupric-bromide 
and the dithizone lead methods for ballot. 

Subcommittee N-5 on Precious Metals 
and Their Alloys reports that cooperative 
work is being carried out on samples of 
silver solder. This work has in mind the 
possible revision of certain analytical 
methods, with special reference to the 
determination of cadmium. Progress 
accomplished on special samples and 
synthetic solutions was discussed at a 
meeting held April 8. Additional ap- 
proaches are to be investigated for the 
determination of cadmium in silver 
solders. 

Consideration is also being given to the 
inclusion of several photometric methods 
for the determination of low percentage 
elements present in these alloys. 

Subcommitiee N-6 on Nickel and Its 
Alloys——In order that the group of 
methods published by Committee B-4 on 
Electrical Resistance Alloys as proposed 
methods for the analysis of electronic 
nickel be processed through Committee 
E-3, a task force was set up to take care 
of the cooperative testing. Since the 
methods needed editorial treatment, it 
was decided, in conference with a group 
from Committee B-4, that some revisions 
be made prior to the rewriting of the 
methods. Three meetings of the joint 
group have resulted in a set of revised 
procedures for copper, iron, manganese, 
titanium, and cobalt. In addition, Com- 
mittee B-4 has made available to the 
joint task group four samples of various 
alloys used in the industry in order to 
test these procedures. It is to be hoped 
that sufficient data will be on hand to 
enable a ballot by early fall. 

Work is also progressing on the 
analysis for other elements: aluminum, 
silicon, magnesium, and sulfur in par- 
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ticular, and it is hoped that a group of 
methods will result that will be com- 
patible with the sample-size restrictions. 

Subcommittee N-9 on Magnesium and 
Its Alloys—Collaborative work previ- 
ously done on the procedure entitled 
“Copper by the Hydrobromic-Phos- 
phoric Acid Method” has led to a 
revision which is currently being circu- 
lated for balloting by the subcommittee. 

Adoption of specifications for zir- 
conium in certain magnesium-base alloys 
have created a need for a zirconium 
method. Three procedures have previ- 
ously been subjected to collaborative 
work, and a revision on one of them, the 
phosphate method, is being circulated 
for subcommittee balloting. 


Division G on _ General 


Methods: 


Subcommittee G-1 on Reagents has 
conferred with Committee D-19 on 
Industrial Water concerning the pref- 
erence of Committee E-3 for including 
reagent referee grade water in the 
particular set of specifications in which 
it is to be used rather than as a part of 
a general specification for water. Agree- 
ment with Committee D-19 on this basis 
was reached. 

Subcommittee G-2 on Apparatus has 
unanimously approved the proposal to 
recommend adoption of Method 
E 50-48 T as standard. Work is pro- 
ceeding on the development of per- 
formance standards for analytical 
balances, and some exploratory work 
has been done toward performance 
standards for photometers and for elec- 
trolytic apparatus. 

Subcommittee G-3 on Common Pro- 
cedures is making progress toward the 
development of a common procedure for 


Analytical 
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nickel. Information covering a pre- 
liminary study of the usual procedure 
for nickel in steel was received from 
Division F and it has been agreed to 
conduct a further study and to attempt 
to make modifications which appear to 
be necessary at levels of nickel in steel 
below 0.05 per cent. As it has been 
indicated that Division N plans to 
replace the gravimetric nickel method 
with photometric methods, it would 
appear that this division will have no 
further interest in the common procedure 
for nickel. Members of Subcommittee 
G-3 have met with representatives of 
Divisions F and N to discuss certain 
discrepancies in the periodate method for 
the determination of manganese in 
various alloys. 

Division M on Miscellaneous Metals.— 
Work on methods for the analysis of 
titanium is under way in cooperation 
with the National Advisory Committee 
on Titanium, Panel on Chemical Analy- 
sis. A program under the direction of the 
Watertown Arsenal is at present leading 
to methods for nitrogen, chromium, 
carbon, vanadium, and manganese. The 
interchange of information between 
ASTM and this group is proceeding well. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 116 members; 83 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. W. STILLMAN, 


Chairman. 


H. Kirtcuik, 
Secretary. 
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Committee E-4+ has met twice during 
the year: at the Spring and Annual 
Meetings of the Society. Its membership 
is on a stable basis, and presently 
consists of 101 members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Preparation of 
Samples (F. C. Hull, chairman) is 
actively concerned with a major re- 
vision of Methods E3-46T on the 
Preparation of Samples. The newer 
methods and materials for sample polish- 
ing, new etchants, and many new 
metals and alloys that require consider- 
ation make this revision a major task. 
The present method of attack is by 
means of task-groups assigned to par- 
ticular metals and their alloys. 

The subcommittee is recommending 
the retention of Methods E 3-46 T in 
its present form, pending the above 
revision. 

Subcommittee IT on Definitions (R. S. 
Busk, chairman) anticipates having com- 
pleted, by the end of the Annual 
Meeting, the task of selecting and de- 
fining the terms pertinent to the activi- 
ties of Committee E-4 in the fields of 
microscopy, X-ray diffraction, metallog- 
raphy, physical metallurgy, electron 
microscopy, etc. Nearly a_ thousand 
terms and definitions have been con- 
sidered and approved. 

Subcommittee III on Nomenclature 
(P. A. Beck, chairman) reports material 
and satisfactory progress in its attempt 
to establish a system of phase nomen- 


* Presented at the Fifty-sixth Annual Meeting of 


the Society, June 29-July 3,1953, 
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clature for metallic systems. This inter- 
national group has what is hoped to be 
the final draft of its proposal being given 
a preview by 80 prominent metallurgists 
here and abroad. The proposal will be 
publicized later this year in order to 
solicit further comments prior to sub- 
mission for formal Society approval. 

Subcommittee IV on Photography (S. 
W. Poole, chairman) is preparing for the 


_ next photomicrographic exhibit by spon- 


soring its student activity phase of the 
program in schools and colleges here and 
abroad. 

The Subcommittee is recommending 
the retention of Methods E 2-49 T 
without change. 

Subcommittee V (Alexander Gobus, 
chairman) is actively engaged in con- 
tinuation of its round-robin tests on a 
specially prepared group of test blocks 
in order to correlate inter-laboratory 
tests. 

Subcommittee VI on X-ray Diffrac- 
tion (W. L. Fink, chairman) is recom- 
mending the retention with some changes 
of Method E 81-49 T on Pole-Figure 
Preparation. Method E 82 — 49 T on Or- 
ientation will be re-established with a 
few improvements. 

Due to the improvements in equip- 
ment and techniques, Recommended 
Practice E 43 - 49 T on Chemical Anal- 
ysis is being completely revised, and 
will be expanded to include the most 
improved techniques for precision de- 
terminations. It will not be possible to 
conclude this work by the time of the 
Annual Meeting, as it is planned to use 
this new proposal as a basis for inter- 
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national cooperation in this field, most 
particularly as it affects the Joint 
Committee on Chemical Analysis by 
Powder Diffraction Methods and _ its 
Card Index. For this reason, it is hoped 
that the best practices here and abroad 
can be incorporated into the revised 
proposal, giving it international stature. 

Subcommittee VII on Thermal Anal- 
ysis (D. I. Finch, chairman) is recom- 
mending the re-establishment without 
change of Recommended Practices 
E 14-51T on Thermal Analysis and 
E 80-49T on Dilatometric Analysis. 
Plans have also been made to prepare a 
recommended practice for thermal anal- 
ysis by means of electrical resistance 
measurements. 

Subcommittee VIII on Grain-size (R. 
E. Penrod, chairman) and VJJIc (H. 
P. George, chairman) are currently 
reviewing the differences which seem to 
exist in the several grain size standards, 
in order to unify any discrepancies. 
Currently, VIIIc is recommending the 
re-establishment without change of 
Methods E 79-49 T on Grain Size of 
Copper and Copper Products, and 
Method E 91-51 T on Non-Ferrous 
Grain Sizes (except copper, etc.) 

Subcommittee XI on Electron Micros- 


copy (W.L. Grube, chairman) is making 
further progress as is witnessed by the 
third report on their researches which, 
as the subcommittee report, is appended 
to this report.' 

In addition, the techniques which 
have been proven by these investiga- 
tions form the basis of the two-session 
symposium on these methods which the 
subcommittee is sponsoring at the An- 
nual Meeting of the Society.* 

It is anticipated that these activities 
will result in information which can 
form the basis of recommendations for 
recommended practices as applied to the 
electron microscopy of steels. 


This report has been submitted to 
letter ballot of the Committee, which 
consists of 101 members; 94 members 
returned their ba'lots, of whom 87 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
L. L. WYMAN, 
Chairman. 
M. R. Norton, 
Secretary. 


See p. 505. 
2 Issued as separate publication ASTM STP No. 155, 
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TECHNIQUES FOR FERROUS ELECTRON METALLOGRAPHY 
THIRD PROGRESS REPORT OF SUBCOMMITTEE XI ON ELECTRON METALLOGRAPHY* 


The first two reports ':? of Subcom- 
mittee XI of Commiitee E-4 on Metal- 
lography presented the results of a 
cooperative study with the electron 
microscope of the structures of a series 
of specimens of eutectoid steel prepared 
specially for the purpose. The structures 
studied to date include those resulting 
from the direct transformation of aus- 
tenite at various temperatures, such as 
pearlites and bainites, and those result- 
ing from tempering martensite, also at 
various temperatures. 

The purpose of this work was two- 
fold: to gain fundamental knowledge of 
the structures of steel and, in the process 
of acquiring this information, to de- 
velop techniques of electron metal- 


* Members of Subcommittee XI actively participating 
in this study: 
W. L. Grube, Chairman—General Motors Corp., 
Detroit, Mich. 
C. M. Schwartz, Memorial Insti- 
tute, Columbus, 
L. B. Birks, Naval esearch Laboratory, Washington, 


R. D. Chapman, Chrysler Corp., Detroit, Mich. 
- Centre elge de Metallurgie Physique, 
jum 
A. L. Ell is, International Harvester Co., Chicago, Ill. 
1 Corp., Kearny, N. J. 

A. H. Geisler, General Electric Co., Schenectady, N. Y. 
D. J. Siar, The Timken Roller Bearing Co., Canton, 


L. pn Centre Belge de Metallurgie Physique, 
Belgium 
e, U. S. Steel Corp., Pittsburgh, Pa. 
ier, American Cyanamid Co., Stamford, 


J.N 

L. 

G. E. Peliissier, U. S. Steel Corp., Pittsburgh, Pa. 

G. G. M. Technical Center, Warren, 
Mich. 

F. G. Rowe, American Cyanamid Co., Stamford, Conn. 

D. M. Teague, Chrysler Corp., Detroit, Mich. 

C.F. a Sylvania Electric Products, Inc., Bayside, 


L. L, N. Y. 

J. U. S. Steel Corp., Kearny, N. J. 

i “Electron Microstructure of Steel First Progress 
a ge of Subcommittee XI on Electron Microstructure of 
Steel, ASTM Committee E-4 on Metallography,” Pro- 
ceedings, Am. Soc, Testing Mats., Vol. 50, p. 444 (1950). 

2 “Electron Microstructure of Bainite i in Steel. Second 
Progress Report by Subcommittee XI of Committee E-4,” 
Proceedings, Am. Soc. Testing Mats., Vol. 52, p. 543 endl 


lography that would preclude errors of 
interpretation resulting from faulty prep- 
aration of the specimen or from inade- 
quate replication methods. Specifically, 
the aim of the subcommittee was to 
examine closely every step involved in 
the preparation of an electron micro- 
graph and, by a process of trial and 
elimination, to arrive eventually at 
techniques which would be generally 
accepted because of their soundness, 
reproducibility, and interpretability. 

Since the structures of carbon steel of 
greatest metallurgical interest not en- 
tirely resolvable with the light micro- 
scope are aggregates of carbide and 
ferrite, such as pearlite, bainite, and 
tempered martensite, the work of the 
subcommittee has been directed toward 
effecting complete resolution and identi- 
fication of the constituents of these 
structures. This has meant studying 
primarily the configuration and distribu- 
tion of carbide particles in a ferritic 
matrix, although whenever structures 
such as retained austenite or untempered 
martensite have been present, they too 
have been examined closely. 

In order to study the size and distri- 
bution of the carbides in a steel micro- 
structure with the electron microscope, 
it is first necessary to prepare the surface 
of the specimen by polishing, and then 
to develop differences in relief between 
the carbide particles and the ferrite 
matrix by selective etching. A replica is 
prepared embodying the relief differ- 
ences of the surface, and electron micro- 
graphs are taken of small regions of 


whe 
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the replica. The smallest significant 
detail of the microstructure that can be 
observed is limited by the resolution of 
the etchant and by the resolution of the 
replica, since the microscope is capable 
of resolving smaller detail than either 
of these two techniques. This approach 
automatically prescribes light etching 
with reagents endowed with high sensi- 
tivity for carbide-ferrite differentiation. 
Several were investigated at the begin- 
ning of the cooperative program (Spring, 
1948), and a saturated solution of picric 
acid in ethyl aclohol was found to be 
best suited for the purpose. At the 
same time, a trial of available replica 
techniques indicated that shadowcast 
plastic replicas would prove most useful 
for subcommittee use. 


As a result of that preliminary work, 
the subcommittee standardized on 
shadowcast negative plastic replicas of 
specimens mechanically polished and 
etched with 4 per cent picral for studying 
the microstructures of eutectoid carbon 
steel. Recently, however, the subcom- 
mittee decided to resurvey replica and 
etching techniques to insure that the 
most suitable methods were being em- 
ployed to meet the objectives of the 
subcommittee. 

The results of the re-examination of 
techniques are reported here in two parts. 
Part I describes the work on replica 
techniques, and Part II discusses the 
results obtained by using various etching 
procedures on the eutectoid carbon steel 
microstructures. 


PART I.—SILICA AND PLASTIC REPLICAS 


The replica method employed by the 
subcommittee in its current research 
program must be well suited to plain 
carbon steels and easy to interpret in 
terms of the size, shape, and distribution 
of the carbide particles in the various 
microstructures. The method should also 
meet the following general requirements: 

(1) It should be familiar to most 
electron metallographers and commonly 
used in many laboratories, 

(2) It should be easy to apply to steel 
specimens prepared in the same manner 
as for light microscopy, and 

(3) The replica technique should not 
harm the sample, and it should be 
possible to make several successive 
replicas of the same prepared surface. 

Of the replica methods available,’ 
only two are considered to meet all the 
above requirements, namely, the shad- 
owed negative plastic and plastic-silica 
techniques. Other replica techniques, 
such as those recently reviewed by 
Heindenreich,‘ are either still in process 


3 A comprehensive discussion of replica methods will be 
found in the Journal of the Microscopical Society, Vol. 70, 
Chapter V (1950). 


of development and not yet in general 
use or are specific to metals other than 
plain carbon steels. 

To evaluate the relative merits of the 
silica and plastic methods for subcom- 
mittee use, two of the specimens of the 
previous reports were re-examined, using 
both techniques after etching with an 
alcoholic solution of 4 per cent picral. 


EXPERIMENTAL WORK 


The specimens selected for inter- 
comparison of the two replica methods 
were Nos. 1 and 5 discussed in the 
previous reports and consisted, re- 
spectively, of the coarse pearlite and 
lower bainite microstructures of the 
plain carbon steel containing 0.87 per 
cent carbon used by the subcommittee. 
The carbide particles can be adequately 
resolved by the light microscope in the 
coarse pearlite specimen, but they are 
irresolvable in the lower bainite speci- 
men. 

The heat treating procedures em- 


4R. D. Heindenreich, “Methods in Electron Mi- 
age tg! of Solids,” Review of Scientific Instruments, 


ol. 23, November, 1952, p. 583. 
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ployed in preparing these specimens are 
listed in Table I. Further details.on the 
two specimens, including photomicro- 
graphs at 2500 X, and also the chemical 
analysis and isothermal transformation 
diagram of the steel used, can be found 
in the first two subcommittee reports.': * 

The two replica procedures, including 
variations from the original techniques, 
are described in detail in the Appendix 
to Part I. Briefly, they are as follows: 
The negative plastic technique consists 
of coating the polished and etched sur- 
faces of the specimen with plastic dis- 
solved in a solvent and then stripping 
this thin film from the surface after the 
solvent evaporates. The replica is shad- 


TABLE I.—HEAT TREATMENTS OF 
STANDARD SPECIMENS. 


| Heat Treatment® | Rockwell, 
Sample | Structure Following Aus- Hardness 
| tenitizing | C Scale 
| 
No. 1 | Com, | 3hhrat1300F | 13.8 
| pearlite | 
No. S.... | Bainite 24 hrat SOOF 57.4 


* All vo specimens were austenitized at 1800 F fo 
35 min and were air-cooled from the final indicated tem- 
perature. 


owcast by oblique deposition of metal 
by vacuum evaporation onto the replicat- 
ing surface before examination in the 
electron microscope. In the silica meth- 
ods, the prepared surface is first repli- 
cated on a thick plastic film either by 
molding a thermoplastic under pressure 
and heat against the surface, or by evap- 
oration of the solvent from a con- 
centrated solution of plastic flowed over 
the surface. This first replica is next 
coated with a thin film of silica evapo- 
rated normally to the surface. After 
the silica film is separated from the 
plastic and washed, it is ready for ex- 
amination in the electron microscope. 
A variation of the silica technique 
is to metal shadowcast the first plastic 
replica prior to deposition of the silica. 
Several electron micrographs of replicas 


—— 
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prepared in this way are included for 
comparison. 

The electron micrographs of the repli- 
cas were direct printed at a final mag- 
nification of 15,000 X, so that the 
shadows appear white. The micrographs 
shown are generally representative of 
the more than 75 submitted by members 
of the subcommittee. 


RESULTS 


The electron micrograph of Fig. 1 
illustrates the result of using the shad- 
owed plastic technique on the coarse 
pearlite specimen prepared by isothermal 
transformation of the eutectoid steel 
at 1300 F. The lamellar structure can 
be seen clearly and the relative relief 
of the carbide particles and the ferrite 
matrix determined from the shadows. 
Metal shadowing may create the illusion 
that the particles of the carbide phase 
standing in relief after etching the metal 
surface are smaller in the shadowing 
direction than they actually are, due to 
the fact that the shadow lies inside the 
carbide. However, this illusion may be 
minimized by shadowing at a higher 
angle. 

Figure 2 is an electron micrograph of 
a molded polystyrene-silica replica of 
the same coarse pearlite specimen shown 
in Fig. 1. It demonstrates that the main 
contrast developed by a silica replica is 
along abrupt changes in surface relief, 
as at the phase boundaries between the 
slow etching carbide lamellae and the 
more rapidly etching ferrite. There is 
no difference in tone between the ferrite 
valleys and carbide plateaus, and the 
only good way to determine the relief 
of such a replica is by the use of stereo- 
scopic techniques. 

Occasionally a light band can be seen 
running parallel to the dark contour 
lines, as in the electron micrograph of 
the cast Parlodion-silica replica of Fig. 3. 
This is a result of silica self-shadowing 


‘ 


Fic. 1.—Electron Micrograph of Shadowed Collodion Replica of Coarse Pearlite, Isothermal 
Transformation at 1300 F (x 15,000). 


raw 


det 
f 
Fic. 2.—Electron Micrograph of Polystyrene-Silica Replica of Coarse Pearlite, Isothermal 
Transformation at 1300 F (x 15,000). 


due to inadvertent oblique deposition of 
silica during the evaporation. The rela- 
tive relief of detail on the surface may be 
determined from the relationship of this 
shadow band to the contour line. 

The electron micrograph in Fig. 4 of 
a molded polystyrene-silica replica shows 
the result of shadowing the polystyrene 
with metal before depositing the silica 
film. The silica coating serves mainly as 
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shadowed plastic replicas of this sample 
were of good quality, while several 
micrographs of molded polystyrene- 
silica replicas showed fine over-all granu- 
larity of the evaporated silica film, and 
others showed the result of strain mark- 
ings that formed in the polystyrene. 
Both the regular and the intermediate 
shadowed molded polystyrene-silica rep- 
licas, as in Figs. 2 and 4, show serrated 


3.—Electron Micrograph of Parlodion-Silica of Coarse Pearlite, Isothermal Transformation 


Fic. 
at 1300 F (X 15,000). 


a support for the metal shadow film; this 
figure can be compared with the micro- 
graph of the shadowcast negative plastic 
replica of Fig. 1. The micrograph of 
Fig. 5 shows another intermediate shad- 
owed plastic-silica replica in which a 
cast Parlodion film was used for the first 
replica. The relative relief of the carbide 
and ferrite can be determined in both 
these figures from the metal shadows. 
All of the electron micrographs of 


edges on the carbide particles and fine 
dotted structure in the ferrite. There is 
serious doubt as to the authenticity of 
either of these structures. 

The electron micrograph of Fig. 6 
shows a shadowed plastic replica of 
lower bainite prepared by isothermal 
transformation at 500F. The parallel 
array of small carbide particles within 
the ferrite needles can clearly be seen and 
are shown oriented at an angle of ap- 


Fic. 4.—Electron Micrograph of Intermediate Shadowed Polystyrene-Silica Replica of Coarse 
Pearlite, Isothermal Transformation at 1300 F, Picral Etch (x 15,000). 


Fic. 5.—Electron Mic hh of Pre-Shadowed Parlodion-Silica Replica of Coarse Pearlite, k 
Isothermal Transformation at 1300 F (x 15,000). 
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proximately 55 deg with respect to the 
needle axis. These carbide particles 
appear to be thin platelets; the apparent 
thickness of these platelets probably 
depends on the angle at which they 
intersect the surface. The silica replica 
of this same bainite sample is shown in 
Fig. 7. This micrograph is very difficult 
to interpret even when we have an un- 
derstanding of the structure from the 


Fic. 6.—Electron Micrograph of Shadowed 
Transformation at 500 F (X 15,000). 


micrograph of the shadowed plastic 
replica. Intermediate shadowing of the 
cast Parlodion film before silica coating, 
as in Fig. 8, facilitates interpretation of 
the structure. 


SUMMARY OF RESULTS | 


Comparison of the electron micro- 
graphs of the two test specimens points 
up the differences in results obtained 
by the use of plastic and silica methods. 


‘ollodion Replica of Lower Bainite, Isothermal 


The shadowed plastic replicas are 
easy to interpret because of differences 
in tone developed between unetched 
carbide particles and ferrite, and be- 
cause of the shadows cast by projections 
on the replica surface. The high contrast 
developed only along very sharp changes 
in relief, plus the lack of tone differences 
between carbide and ferrite, makes silica 
replicas very difficult to interpret. 


‘eg 


a 


In comparing the replicas on the basis 
of resolution, it must be emphasized 
that the resolution of a replica can be no 
better than the resolution of the first 
plastic impression. Pressure molded poly- 
styrene might be expected to show higher 
resolution than impressions of cast 
plastics. This may be the case on some 
surfaces, but the silica replicas of molded 
polystyrene impressions of the specimens 
in this investigation showed considerable 


e, 


Replica of Lower Bainite, Isothermal Trans- 


. 
Fic. 7.—Electron Micrograph of ee I 
formation at 500 F (xX 15,000). 
‘ Fic. 8.—Electron Micrograph of Pre-Shadowed Parlodion-Silica Replica of Lower Bainite, 
Isothermal Transformation at 500 F (X 15,000). . 
512 
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artifact. The carbides appeared to have 
serrated edges, and there appeared to be 
a great deal of fine structure in the fer- 
rite. These effects may be the result of 
plastic distortion or fracture of the 
polystyrene during stripping and are 
most pronounced in undercut regions 
along the edges of carbides and in etch 
pits. The shadowed plastic replicas 
show higher apparent resolution, par- 
ticularly in the lower bainite specimens, 
than do the cast Parlodion-silica repli- 
cas. This is due to the fact that the silica 
coating did not develop as much contrast 
in the fine detail of the structure as did 
shadowcasting so that this fine detail 
cannot be observed. This demonstrates 
that the resolution of a replica method 
depends on its ability to develop contrast 
in the fine detail and indicates that the 
high resolution of silica replicas ap- 
parently cannot be utilized in the study 
of very fine carbides in steels. 

Intermediate shadowed Parlodion— 
silica replicas are equivalent in inter- 
pretation and resolution to shadowcast 
replicas, as the silica coating serves 
mainly as a support for the shadow film. 
The silica replica has greater stability in 
the electron beam. 

The subcommittee considers shadow- 
cast plastic replicas somewhat easier 
to prepare than silica replicas due to 
fewer steps in the procedure. This is 
especially true when molded polystyrene 
is used for the first impression in the 
silica method. 

The molded polystyrene technique 
has several serious disadvantages. First, 
there is danger of damaging some speci- 
mens by tempering during molding; 
secondly, fine carbides standing in relief 
on the surface may be broken off or 
otherwise distorted by the pressure of 
the molding operation; and, thirdly, 
distortion of the polystyrene resulting 
from undercutting limits the method to 
extremely light etches. Apart from these 


practical disadvantages, there remains 
the serious difficulty of interpreting 
complex structures. 


CONCLUSIONS 


After comparing the results of using 
the two replica methods on the coarse 
pearlite and lower bainite test specimens, 
the subcommittee has decided to con- 
tinue to use the shadowed plastic 
method for its cooperative program. The 
intermediate shadowed cast Parlodion- 
silica replica is considered equivalent, 
both in interpretation and in resolution, 
to shadowed plastic replicas and, because 
of ease in handling, this technique will 
probably be used by more subcommittee 
members in the future. 

These replicas are easy to interpret 
and resolve all but the very finest detail. 
The etch depth used is comparable to 
that used for high magnification light 
metallography, and the electron micro- 
structures can be fairly well correlated 
with the light optical microstructures. 

The interpretation of unshadowed 
silica replicas is very difficult, and the 
useful resolution of detail in the struc- 
tures was found to be no better than that 
of shadowed plastic replicas. Artifacts, 
such as granularity and distortion re- 
sulting. from stripping the molded poly- 
styrene from undercut carbides, were 
difficult to avoid. 

It is emphasized that the subcommit- 
tee is trying to achieve reproducible 
electron micrographs of the various steel 
structures that can be correlated with 
all the information accumulated over 
the years with the light microscope. 
These electron micrographs can also 
serve as a starting point for research in 
ferrous metallurgy, using the electron 
microscope, and as a link between the 
gross microstructures of steel and very 
fine detail that may be revealed in the 
future by the use of new techniques. 
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To Part I: OF SHADOWED PLASTIC AND PLASTIC-SILICA 
REPLICA PROCEDURES 


Shadowed Plastic Procedure 


‘1. (a) The plastic solution is flowed over 
the prepared surface and dried after the 
excess has been drained off. Typical plastic 
solutions used are: 

(1) Fresh 0.75 per cent solution of form- 
var in dioxane or ethylene dichloride, 

2) 1 per cent Parlodion, or collodion in 
amyl acetate, or 

(3) 2 per cent ethyl cellulose in ethylene 
dichloride. 

(b) The replica film is removed by moist- 
ening its surface with breath and then 
picking it up with scotch tape upon which 
a specimen screen has been placed. An 
alternate method of stripping is to back 
the replica film with a heavy coating of 
plastic and then strip the two films to- 
gether. This procedure avoids strain mark- 
ings in the replica when stripping from very 
rough surfaces. Formvar or ethyl cellulose 
replicas may be backed with Parlodion or 
Zapon which can be removed by washing 
in amyl acetate. A 5 per cent solution of 
polyvinyl alcohol in water can be used to 
back collodion or Parlodion replicas for 
stripping and then dissolved away in warm 
water. 

(c) The replica is shadowcast by coating 
the surface with a thin film (10 to 40 A) 
of uranium, platinum, or chromium by 
evaporation from a hot tungsten filament in 
high vacuum. The metal is deposited at 
an angle of from tan“ 1:2 to tan 1:1 
(263 and 45 deg to the plane of the replica) 
depending on the size of the detail in the 
sample. The lower angle is preferable for 
fine detail, whereas the higher angle is used 
for coarse structures. 


Plastic-Silica Procedure 


2. (a) Molded Polystyrene-Silica: 

(1) Polystyrene is molded at a pressure 
of 2000 to 4000 psi and a temperature of 
300 F against the prepared surface of the 
sample. Pressure is applied at 200 F and 
maintained until the mold has cooled to 
150 F. After cooling, the polystyrene is 
separated from the surface. This step is 


facilitated by the use of aluminum foil be- 
tween the sample mounting and the poly- 
styrene with a hole exposing just the speci- 
men. 

(2) The plastic first replica is coated with 
a thin film (200 A) of silica evaporated 
normally to the surface from a tungsten 
basket. 

(3) The silica film is stripped from the 
polystyrene by immersion in ethyl bromide 
containing 5 to 10 per cent benzene. 

(4) The stripped silica films are washed 
by transferring to a series of wash baths of 
a 10 per cent solution of isoamyl alcohol in 
ethyl bromide. 

(5) The silica replicas made from molded 
polystyrene negatives are mounted by fish- 
ing for them in the final washing bath and 
capturing them on specimen screens. Rapid 
evaporation of the solvent, resulting in mois- 
ture condensation or rupturing of the replica, 
is avoided by slow drying in a saturated 
atmosphere of the bath solvents at a temper- 
ature just above the boiling point of the 
solvent. 

(b) Cast Plastic-Silica: 

(1) A thick film of Parlodion or Zapon 
is cast on the prepared surface by solvent 
evaporation. 

(2) The replica film may be stripped with 
scotch tape or just pulled off with tweezers. 

(3) The replica surface of the film is 
coated with 200 A of silica by vacuum 
evaporation as in the molded polystyrene 
technique. 

(4) The Parlodion or Zapon first replica 
is removed by washing in amyl acetate or 
ethyl acetate. 

(5) The silica replicas are mounted by 
fishing for them and capturing them on 
specimen screens. Rapid evaporation of the 
solvent, resulting in moisture condensation 
or rupturing of the replica, is avoided by 
drying from the final wash at —30 C. 

(c) Variations of Silica Procedure: 

(1) If the silica replicas have been handled 
so that the interface side of the replica is 
known and can be mounted away from the 


i 


supporting screen, the replica can be metal 
shadowcast. This step makes interpretation 
of surface relief clearer. 

(2) Another variation is to shadowcast 
the first plastic replica with metal before 
coating with silica. The two evaporations 
can be carried out consecutively without 
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breaking the vacuum by using two filaments. 
This results in an intermediate shadowed 
negative replica that has the same appear- 
ance and interpretation as the usual one- 
step plastic replica. Very thin replicas that 
have extremely good stability under the 
electron beam can be made in this way. 


PART II.—ETCHANTS AND ETCH DEPTHS 


The results':* published by Subcom- 
mittee XI as being representative of 
various microstructures in eutectoid 
steel have been prepared almost entirely 
using 4 per cent picral as the etchant. 
Furthermore, picral was recommended 
as the preferred etchant for most micro- 
structures in an earlier summary of 
techniques.® This conclusion was reached 
after investigating the results obtained 
with several of the more common 
etchants for steel. Included in the 
etchant study were: 

(1) Picral.—4 per cent picric acid ‘in 
ethanol or methanol. 

(2) Nital——1 to 2 per cent concen- 
trated nitric acid in ethanol or metha- 
nol. 

(3) Nital-Zephiran Chloride.—Nital, 
plus about 0.5 per cent zephiran chlo- 
ride. 

(4) Acid Ferric Chloride-—2 per cent 
ferric chloride, 1 per cent hydrochloric 
acid in ethanol or water 

(5) Electroetching Solution.—10 per 
cent perchloric acid (70 per cent), 30 per 
cent water, and 60 per cent ethanol. 

Electrolytic etching was examined to 
a very limited extent. Not only was the 
effect of the different etches on the 
development of microstructures ex- 
amined, but the effect of etch depth was 
also investigated. 

Electron metallography and light 
metallography present a fundamental 
difference in the effect of etchants on a 
metal microstructure. In light metal- 
lography, a structure is revealed by 


5“Electron Microstructure of Steel, Appendix 
Proceedings, Am. Soc. Testing Mats., Vol. 50, p. 489 roo.. 


differences in the light reflectivity of 
various constituents. This can be the 
result of either slightly dissolving cer- 
tain constituents or of staining them. In 
electron metallography, structure is ob- 
served only through differences in eleva- 
tion owing to the differential attack of 
certain constituents by the etchant. 
Staining plays no part, though it may 
interfere with the removal of the replica. 

Of the etchants studied, picral appears 
to be the least likely to leave etching 
residues on the surface. This is desirable 
since some reagents, do tend to leave 
etching products on the surface. These 
products are removed as opaque particles 
by the replicas and interfere with the 
proper interpretation of microstructure. 

Representative electron micrographs 
are included in this portion of the report 
to illustrate some of the results obtained 
by Subcommittee XI with the various 
etchants studied. All electron micro- 
graphs are of the 0.87 per cent carbon 
steel which has been previously de- 
scribed. The replicas were plastic, shad- 
owed with metal at an angle of ap- 
proximately 45 deg. 

Certain structures present a similar, 
easily interpreted appearance after treat- 
ment with any of several etching agents. 
Coarse pearlite, for example, has the 
appearance shown in Fig. 9 when etched 
with picral. The lamellar carbide is 
readily seen to project from the sur- 
rounding ferrite. Quite similar results 
are obtained with ferric chloride—hydro- 
chloric acid as the etchant, Fig. 10, al- 
though the ferrite in some areas is at- 
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Fic. 9.—Electron Micrograph of Coarse Pearlite, Isothermal Transformation at 1300 F, Picral 
Etch (X 10,000). 


Fic. 10.—Electron Micrograph of Coarse Pearlite, Acid Ferric Chloride Etch (X 10,000). 
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Fic. 11.—Electron Micrograph of Coarse Pearlite, Electrolytic Perchloric Acid Etch (X 10,000). él 


tacked much more extensively.' The 
extent of attack on the ferrite probably 
depends on crystal orientation, since 
ferric chloride-hydrochloric acid is 
known to etch preferentially along cer- 
tain crystallographic planes. Coarse pearl- 
ite, when electroetched with a perchloric 
acid solution, presents the same general 
appearance, Fig. 11, though here also 
slightly more detail regarding the ferrite 
orientation may be seen. 

Increasing the depth of etch with any 
of these agents does not appreciably alter 
the appearance, though the ratio of 
carbide to ferrite appears to increase 
if the carbide is sectioned obliquely. 

Most coarse carbide-ferrite structures 
show the same microstructure appear- 
ance after etching with any of several 
solutions. Figure 12 shows spheroidized 
carbides produced by extensively tem- 
pering martensite (12 hr at 1250 F) after 
etching with picral. The same structure 


F 
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etched with ferric chloride—hydrochloric 
acid shows a similar distribution of 
carbides, although the heavier etch in 
Fig. 13 has attacked the ferrite ap- 
preciably, producing a more confused 
background. Figure 14 is the same struc- 
ture after electroetching with a perchloric | 
acid solution. While the carbides are left 
in relief above the surface, considerable 
detail in the ferrite is also revealed. The 
grain boundaries are also sharply de- 
lineated. 

For the study of simple microstruc- 
tures of the type just illustrated, the © 
choice of etch is less critical. Treatment 
with picral yields the least complicated 
results, with little detailed attack on the © 
ferrite to confuse the shape and dis- 
tribution of carbides. 

When studying finer and more com- — 
plicated structures, results obtained with _ 
different etchants are more variable. — 
For instance, bainite isothermally trans- _ 
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Fic. 13.—Electron Micrograph of Spherodized Carbides, 12 hr at 1250 F, Acid Ferric Chloride 
Etch (X 15,000). 


Fic. 12.—Electron Micrograph of Spherodized Carbides, 12 hr at 1250 F, Picral Etch (X 15,000 
. 
e ~ 
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Fic. 14.—Electron Micrograph of Spherodized Carbides, 12 hr at 1250 F, Electrolytic Perchloric 
Acid Etch (X 15,000). 


formed at 550F contains needles with 
cross-striated carbide platelets. This 
characteristic structure is clearly re- 
vealed by picral, Fig. 15. Light etching 
with nital-zephiran chloride yields a 
similar appearance, Fig. 16, although it 
is more difficult to control the depth of 
etch, and some preferential attack of 
the needles occurs. When this same 
bainite structure is etched with ferric 
chloride-hydrochloric acid, the pref- 
erential attack on certain ferrite needles 
is very pronounced, Fig. 17. Although the 
salient features of the structure remain, 
the results are more difficult to interpret, 
especially with the heavy etch illustrated. 

Structures of intermediate complexity 


are also more simply interpreted after 


etching with picral. Bainite isothermally 
transformed at 700 F shows the structure 
illustrated in Fig. 18 after treatment 
with picral. The shape and orientation’ 
of the carbides is readily seen, and the 


change in carbide shape and distribution — 


is easily followed in a series of specimens 
transformed at different temperatures.’ 
Results nearly comparable to those with 
picral can be generally attained with 
dilute nital. 

When the same structure (700F 
bainite) is etched with ferric chloride—— 


of carbides is revealed (Fig. 19). The 
distinction between carbide and ferrite, 
however, is not so clear, and the differ- 
ential attack on the ferrite in certain 
areas also complicates the structure. 
Although some additional information 
may be provided, the complexity of the 


hydrochloric acid, a similar distribution | 
J 


microstructure appearance makes more © 


difficult the study of progressive changes — 


with change in transformation tempera- 
ture. 
Extensive etching with nital-zephiran 


chloride yields the appearance shown i fl 


Fig. 20 for the same specimen. The 
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Fic. 15.—Elect Micrograph of Bainite, Isothermally Transformed at 550 F, Picral Etch 
(X 15,000). 
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Fic. 16. ~ of Bainite, Isothermally Transformed at 550 F, per cent Nital- 


1 per cent Zephiran Chloride Etch (8 sec) (X 15,000). 


Fic. 17.—Electron te of Bainite, Esothermally Thendanal at 550 F, Acid Ferric 
Chloride Etch (30 sec) (X 10,000). 
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Micrograph of Bainite, 


Fic. 18.—E 
(X 15,000). 
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Fic. 19.—Electron Micrograph 
Chloride Etch (20 sec) (X 10,000). 
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ee” Bainite, Isothermally Transformed at 700 F, Acid Ferric 
Fic. 20.—Electron Micrograph of Bainite, Isothermally Transformed at 700 F, 4 per cent Nital- a 
| Micrograp: y P 
1 per cent Zephiran Chloride Etch (40 sec) (X 15,000). 
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Fic. 21.—Electron Micrograph of i Transformed About 20 per cent to Bainite by Iso- 


Specimen 
thermal Treatment, 12 sec at 850 F, Picral Etch (X 10,000). 
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Fic. 22.—Electron Micrograph of Specimen Transformed About 20 per cent to Bainite by Iso- 


thermal Treatment, 12 sec at 850 F, Nital-Zephiran Chloride Etch (X 10,000). 


structure is overcomplicated and _ less 
readily interpreted. 

In some instances appreciably more 
information can be obtained regarding 
a given structure by using more than 
one etchant. As an example, an electron 
micrograph of a specimen transformed 
20 per cent to bainite at 850 F is shown 
in Fig. 21 after etching with picral. 
Although the details of the carbide and 


ferrite in the bainite needles are ex- 
cellently shown, the surrounding marten- 
site structure is unattacked, and no 
information is available regarding this 
phase. When the same specimen is 
heavily etched with nital-zephiran chlo- 
ride (Fig. 22), the martensite is ap- 


_preciably etched. Angular areas of re- 


tained austenite are revealed as whiter 
areas that are not attacked by the 
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Fic. 24.—Electron Micrograph of Bainite, Isothermally Transformed at 850 F, Showing Plate- 


ar, 


like Structure of Carbides, Nital-Zephiran Chloride Etch (X 15,000). 


etchant. The bainite needles are so 
deeply etched by this treatment that 
their structure is obliterated. A good 
correlation was obtained between the 
amount of retained austenite visually 
observed by this technique and X-ray 
spectrometer results. 

The results presented here suggest 
that more than one etchant may be 
used to study a given microstructure. 
Additional research may develop new 
etchants which will be especially well 
suited for electron microscopy. Further- 
more, some of the details revealed by 


the etchants that have been discussed 
may eventually be found to be signifi- 
cant, as the microstructures are more 
completely understood. Picral has been 
preferred only because it provides the 
simplest and clearest delineation of 
carbide and ferrite phases. 


Errect oF EtcH DEPTH 


In addition to the study of various 
etchants, the effect of etching time or 
extent of attack was examined. Initially, 
a fairly heavy etch was preferred. This 
was necessary to produce replicas with 
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Fic. 25.—Electron Micr hh of Specimen Transformed About 50 per cent to Bainite by Iso- 
thermal] Treatment, 20 sec at F, Picral Etch (X 15,000). 


Fic. 26.—Electron Micrograph of Specimen Transformed About 50 per cent to Bainite by Iso- 


thermal Treatment, 20 sec at 850 F, Extremely Short Picral Etch (X 15,000). 
528 
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Fic. 27.—Electron Micrograph of Specimen Transformed About 20 per cent to Bainite at 850 F, 
a Picral Etch (X 15,000). : 


Fic. 28.—Electron Micrograph of Specimen Transformed 20 per cent to Bainite at 850 F, Very : 


Long Picral Etch (X 15,000). 
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sufficient contrast to define the structure. 
With the development of metal shadow- 
ing and improved replica techniques, 
however, it has been found that very 
light etching is usually desirable. Light 
etches do not obscure fine structures, 
and they give a more correct representa- 
tion of the size and relative amount of 
carbide. Occasionally, heavier etches 
are employed to reveal certain features 
of a microstructure. 

One of the hazards of overetching is 
that illustrated in a series of electron 
micrographs, Fig. 23. These micrographs 
are all of bainite isothermally trans- 
formed at 850F. Figure 23(a) is a 
micrograph of the specimen etched 
lightly with picral. A progressive in- 
crease in etching, Figs. 23(6) and (c), 
exposes more of the carbides, making 
them appear larger. This precludes 
studying the progressive changes in 
carbide size and shape in specimens 
transformed at different temperatures 
unless a minimal etch depth is used. 
The simple appearance of Fig. 23(a) 
is also more readily understood than 
Fig. 23(c). 

On the other hand deliberate over- 
etching may sometimes reveal additional 
detail. Figure 24 is a micrograph of the 
same specimen just discussed, but here 
extreme etching indicates that some of 
the carbides formed at this temperature 
are plate-like, similar to pearlite. 

The differences which may be en- 
countered by etching to various degrees 
with the same etchant are also illustrated 
in the electron micrographs, Figs. 25 to 
28. Figure 25 shows the structure of 
bainite transformed 50 per cent at 850 F, 
after suitable etching with picral. The 
orientation of carbide and ferrite within 
the needles is readily observed, includ- 
ing some needles which are sectioned so 
that only ferrite is seen. Figure 26 shows 
the results of too light an etch. The 
structure is obscure because the carbide 


and ferrite are not adequately distin- 
guished. 

As an example of the complications 
produced by overetching, electron mi- 
crographs show a bainite needle slightly 
overetched (Fig. 27) and exactly the 
same area after a prolonged etch (Fig. 
28). While the typical carbide-in-ferrite 
structure of the bainite needle may be 
seen in Fig. 27, only a disorganized mass 
of carbides remains of the same bainite 
needle in Fig. 28. 

These illustrations indicate that a 
light etch is generally desirable for the 
examination of microstructures with the 
electron microscope. 


CONCLUSIONS 


The examination of various micro- 
structures in eutectoid carbon steel with 
the electron microscope, using different 
etchants and etch depths, suggests the 
following general principles: 

(1) Etching with 4 per cent picral 
produces the simplest and clearest de- 
lineation of carbide and ferrite phases. 
It leaves a minimum of staining and 
etch products on the surface. 

(2) Acid ferric chloride and, to a lesser 
extent, nital-zephiran chloride, pref- 
erentially attack the ferrite in some 
areas. This produces a more complicated 
microstructure, though it may provide 
some information regarding ferrite orien- 
tation. 

(3) Limited experience suggests that 
electrolytic etching produces a clean 
surface, with some indication of ferrite 
orientation and grain boundaries. 

(4) A heavy nital-zephiran chloride 
etch is useful to reveal retained austenite 
in martensite. 

(5) A light etch is preferable for 
general microstructure study since it is 
more easily interpreted and provides a 
more accurate representation of carbide 
and ferrite phases. 

(6) Heavier etches are sometimes use- 
ful for showing structure features, such 
as the shape of carbides. 


REPORT OF COMMITTEE E-5 
ON 


FIRE TESTS OF MATERIALS AND CONSTRUCTIONS* 


Committee E-5 held one meeting 
during the past year, in Detroit, Mich., 
on March 5, 1953. Meetings of sub- 
committees preceded this meeting. 

The Committee consists of 47 mem- 
bers, of whom 21 are classified as 
producers, 6 as consumers, and 20 as 
general interest members, with 5 con- 
sulting members. 

A revised scope statement stating 
more clearly the over-all activities of 
the committee was approved by the 


board of directors of the Society. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends that the 
following revision of the Standard 
Methods of Fire Tests of Building 
Construction and Materials (E 119 - 50)! 
be approved for reference to letter ballot 
of the Society for immediate adoption 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that this 
recommendation may be referred to 
letter ballot of the Society: 

Section 10.—Delete the last phrase of 
the first sentence reading: “this will 
usually require about 30 days time 
under favorable drying conditions,” and 
add the following: 


Wherever practical, the material or construc- 
tion shall be weighed at intervals during the 
period of drying and the weights on successive 
days recorded. Weighing shall be continued until 


* Presented at the py" a Annual Meeting of 
the Society, June 29-July 3, 1953. 
11952 Book of ASTM Shantande, Part 4. 


the weight shall have remained fundamentally 
constant for not less than 5 successive days 
under favorable drying conditions of the open 
room of the Laboratories. If weighing of the 
total material or construction of the test speci- 
men is impractical, a suitable sample designed 
to give an accurate estimate of the condition of 
dryness of the complete sample shall be selected 
or fabricated and subjected to weighing as 
specified above for the complete test specimen. 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision: of the Standard 
Methods of Fire Tests of Building 
Construction and Materials (E 119 — 50), 
issued June, 1950, covering the in- 
corporation of new Sections 27 to 30? 
covering an Alternate Test of Protection 
for Structural Steel Beams and Girders 
be approved for reference to letter 
ballot of the Society for adoption as 
standard. 


TENTATIVE REVISION OF STANDARD 


The committee recommends the fol- 
lowing tentative revision of the Standard 
Methods of Fire Tests of Building Con- 
struction of Materials (E 119 = 50) :! 

Section 6.—Delete the two Para- 
graphs (a) and (6) which read as follows: 


(a) The test structure may be located at any 
place where all the necessary facilities for 
properly conducting the test are provided. 

(b) Entire freedom is left to each investigator 
in the design of the test structure and the nature 
and use of fuel, provided the test requirements 
are met. 


2 1952 Book of ASTM Standards, Part 4, p. 1003. 
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Section 9.—Add the following line to 
Table I referred to in Paragraph (d) un- 
der the column headings Resistance Pe- 
riod, Water Pressure, Duration, respec- 
tively: “Less than one hour if desired,” 
psi,” | min.” 

Section 26.—Delete Paragraph (6), 
which reads as follows: 

(b) The construction shall have sustained the 
applied load during the fire and hose stream test 
as specified in Section 9, without passage of flame, 
of gases hot enough to ignite cotton waste, or of 
the hose stream. After cooling, but within 72 hr. 
after completion of the hose stream test, floor 
specimens shall sustain the dead load of the test 
construction plus twice the superimposed load 
specified above. 


WITHDRAWAL OF TENTATIVE REVISION 

The committee recommends the with- 
drawal of the following tentative re- 
vision of the Standard Methods 
(E 119-50), issued June, 1950: 

Section 26(c).—Change lines 5 and 
6 to read “More than 250 F (139 C) 
in case of floors and 400 F (222 C) in 
case of roofs, above the initial temper- 
ature.” 


TENTATIVE AND STANDARD CONTINUED 
WITHOUT REVISION 

The committee recommends that the 
Tentative Method of Fire Hazard 
Classification of Building Materials 
(E 84-50 T)! be continued as tentative 
without change, pending possible re- 
vision resulting from research now being 
conducted upon smaller tunnel-type 
test equipment. 

The committee recommends that the 
Standard Methods of Fire Tests of Door 
Assemblies (E 152 — 41)! be continued as 
standard without change, pending fur- 
ther study. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 

3 The letter ballot vote on these recommendations was 


favorable; the results of the vote are on record at ASTM 
Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


A special committee prepared a draft 
of a fire test method using small size 
specimens as suggested by ASTM Com- 
mittee E-6 on Methods of Testing 
Building Constructions for inclusion as 
an appendix to Standard Methods E 119. 
This report was circulated for letter 
ballot to the entire committee. Several 
negative ballots were received with 
suggested changes and comments. These 
comments will be reviewed by the 
special committee, appropriate changes 
made, and a revised draft submitted to 
Subcommittee I. 

Subcommittee I on Fire Tests of 
Materials and Construction (G. N. 
Thompson, chairman).—Section 10 of 
Methods E 119 — 50, having to do with 
the conditioning of specimens, is to re- 
ceive further study, particularly as to 
the requirements for artificial drying of 
the specimens. The requirements of 
Methods E 119 — 50 that test assemblies 
shall be termed “combustible” if a test 
assembly ignites or continues to flame 
after the furnace fire is shut off, is being 
given further consideration in order 
more fully to define the use of the term 
“combustible,” together with the fire 
resistance rating assigned to the speci- 
men. 

Subcommittee III on Fire Tests of Wall 
Opening Assemblies (H. D. Foster, chair- 
man) has been active on the review of the 
Standard Method of Fire Tests of Door 
Assemblies (E 152 —- 41). A second draft 
of a complete revision of the method, 
incorporating advisable changes, is being 
prepared. 

Subcommittee IV on Fire Tests of 
Acoustical and Similar Finishes—The 
investigational work using a smaller 
size tunnel test equipment than that 
specified in Tentative Method of Fire 
Hazard Classification of Building Ma- 
terials (= 84-—50T) has been retarded 
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due to changes in committee membership 
and lack of funds. Industry is to be 
solicited for funds and further tests 
conducted to obtain greater perfection 
in the control of draft conditions and 
observations of results using the small 
tunnel test equipment. 

Subcommittee V on Nomenclature and 
Definitions (J. R. Shank, chairman).— 
Good progress is being made in the 
preparation of a proposed tentative 
method of tests for defining the term 
“noncombustible” as applied to building 
material. The test method will provide 
technical and scientific knowledge of the 
combustibility of homogeneous materials 
having very low ranges of combustibility 
and of such nature that they could be 
tested by this method. 

Subcommittee VII] on Fire Tests of 
Roof Coverings (A. J. Steiner, chair- 
man).—Several drafts of a proposed 
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test method for establishing the fire 
hazard of roof coverings have been pre- 
pared and subsequently revised as dic- 
tated by committee discussions. Certain 
features pertaining to materials and 
their method of application are under 
discussion with representatives of the 
roofing industry. The results of these 
discussions will expedite the preparation 
of a final draft of the test method. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 47 voting members; 37 re- 
turned their ballots, of whom 35 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


A. L. Brown, 
Chairman. 
R. C. Corson, 
Secretary. 
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Committee E-7 on Non-Destructive 
Testing met at New York, N. Y., on 
June 25, 1952, in conjunction with the 
Annual Meeting of the Society. Numer- 
ous Executive Council and subcommit- 
tee meetings have been held since. 

The committee is planning a technical 
session to be held Thursday, July 2, 
1953, during the Annual Meeting, in 
addition to the usual committee meet- 
ings. It is planned that a number of 
papers on correlation of non-destructive 
tests with each other and particularly 
with product performance will be pre- 
sented.' 

The membership of the committee is 
now 104, plus 18 consulting members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the Annual Meeting, 
Committee E-7 presented to the Society 
through the Administrative Committee 
on Standards a Tentative Recommended 
Practice for Radiographic Testing. The 
recommended practice was accepted by 
the Standards Committee on September 
5, 1952, and appears in the 1952 Book of 
of ASTM Standards, Parts 1 and 2, 
bearing the designation E 94 — 52 T. 


NEw TENTATIVE 
The Bureau of Aeronautics has offered 
its set of Reference Radiographs for In- 
spection of Aluminum and Magnesium 
Castings” to the Society for use as an 


* Presented at the Fifth-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
1 See ASTM BULLETIN, No. 197, April, 1954, p. 52 
(TP80). 


1# Aeronautical Technical Inspection Manual, Vol. 3, 
Section 5, Bureau of Aeronautics, Navy Department. 
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ASTM standard, if desired. The com- 
mittee recommends this offer be accepted 
and the set published as ASTM Tenta- 
tive Reference Radiographs for Inspection 
of Aluminum and Magnesium Castings.” 


The recommendation above has been 
submitted to letter ballot of the com- 
mittee, the results of which will be re- 
ported at the Annual Meeting.® 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Industrial Radiographic Ter- 
minology for Use in Radiographic In- 
spection of Castings and Weldments 
(E 52 - 49 T)* be continued for one more 
year without revision. 


ACTIVITIES OF SUBCOMMITTEES 


Editorial Subcommittee (S. A. Wenk, 
chairman).—This new subcommittee was 
organized during the year and assumed 
jurisdiction over (/) the annual review of 
all E-7 standards publications, (2) the 
coordination of E-7 activities of pri- 
marily editorial nature (preparation of 
glossaries, etc.), and (3) the maintenance 
of uniform format of E-7 publications. 

Subcommittee I on Radiographic Recom- 
mended Practice (H. E. Seeman, chair- 
man).—Publication of the Tentative 
Recommended Practice for Radiographic 


2 These Tentative Reference Radiographs have been 
approved be and accepted by the Society in accordance 
with established procedures, for use _— adoption 
as standard. A description of these ra ograp S appears 
as ASTM Designation E 98 - 53 T, 1953 Supplement to 
Book of ASTM Standards, Part 2. 

3 The letter —— ~ vote on these recommendations was 
fevorabie; 5 the results of the vote are on record at ASTM 


‘ ne Book of ASTM Standards, Parts 1 and 2. 
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Testing (E94-52T) was completed 
during the year. 
Subcommittee II on Reference Radio- 
graphs (Alexander Gobus, chairman).— 
Final radiographs of specimens for the 
initial set of Reference Radiographs of 
Steel Welds are being prepared by Task 
Group A. Other task groups are working 
on additional radiographs of submerged 
arc welds for later incorporation in this 
set, and on a study of possible need of 
reference radiographs of thick castings 
(5 to 20 in. thick). It is planned that 
papers on all three projects will be of- 
fered at the E-7 technical session at the 
time of the Annual Meeting. 
Subcommittee III on Magnetic Particle 
and Penetrant Testing (H. Migel, chair- 
man).—A final draft of the proposed 
Tentative Method for Dry Powder 
Magnetic Particle Testing is being pre- 
pared for presentation to the main com- 
mittee. 
Subcommittee IV on Technical, Eco- 
- nomic, and Application Data (R. C. 
McMaster, chairman).—The scope and 
functions of this subcommittee are being 
re-evaluated by the Executive Council. 
Subcommittee V on Radiographic Pro- 
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cedure (C. H. Hastings, chairman).—An 
investigation of penetrameter types is 
being carried out in the hope of develop- 
ing a type which might be suitable for 
indicating over-all radiographic quality. 

Subcommittee VI on Ultrasonic Test- 
ing (J. C. Smack, chairman).—Final 
drafts of two proposed Tentative Rec- 
ommended Practices for Reflection and 
Resonance Testing, and of proposed 
Tentative Specifications for Reference 
Blocks for Ultrasonic Testing are being 
prepared for submission to the main 
committee. 


This report has been submitted to 
letter ballot in the committee, which 
consists of 104 members; 66 members 
have returned their ballots, of whom 62 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
J. H. Bry, 
Chairman. 
D. T. O’Connor, 


Secretary 


During 1952, STP No. 121 “Sym- 
posium on Statistical Aspects of 
Fatigue,” covering papers presented in 
1951, was published. This has been 
followed by STP No. 137 “Statistical 
Aspects of Fatigue—II,” covering the 
papers presented in 1952. A Task 
Group under J. T. Ransom is attempting 
to formulate statistical procedures which 
will be useful in planning and inter- 
preting fatigue investigations. 

Subcommittee I (Research) (H. F. 
Moore, chairman) has discussed current 
research and summarized the problems 
of main interest in minutes. Those 
interested may obtain a copy of the 
summary by writing to the chairman. 

Subcommittee II (Papers) (W. T. 
Lankford, chairman) has screened a 
considerable number of papers during 
the year. Two sessions on fatigue have 
been developed for the 1953 Annual 
Meeting. 

Subcommiltee III (Survey) (T. J. 
Dolan, chairman) has provided another 
collection of “References on Fatigue,” 
this issue (STP No. 9-C) covering 
articles published in 1951. Multilith 
copies may be purchased through Head- 
quarters at a nominal price. 

Subcommittee IV (Large Machines) 
(J. M. Lessells, chairman) has been 
active with regard to the marine pro- 
peller shaft problem. Some tests will 
probably be undertaken by the Timken 
laboratory under sponsorship of the 
American Bureau of Shipping and the 
American Society of Naval Architects. 

A brief report of the fatigue projects 
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Laboratories at East Kilbride, Scotland, 
was presented before the committee by 
C. E. Phillips of MERL. 

Committee E-9 participated in a 
Panel Discussion on “Fatigue Tech- 
niques and Evaluation” sponsored by 
the Society for Experimental Stress 
Analysis at Milwaukee, May 21, 1953. 

At the biennial election at the June 
25, 1952 meeting, the following officers 
of E-9 were elected: Chairman: R. E. 
Peterson; Secretary: O. J. Horger; Ad- 
visory Committee: J. A. Bennett, T. J. 
Dolan, G. R. Gohn, L. R. Jackson, 
W. T. Lankford, J. M. Lessells, H. F. 
Moore, and R. L. Templin. 

During the year the following new 
members were added to Committee 
E-9: J. H. Flanagan, Watertown Arsenal 
(replacing H. C. Mann); C. B. Griffin, 
General Motors Corp.; Harold Hessing, 
Bureau of Aeronautics, Navy (re- 
placing E. J. Greene); S. E. Maddigan, 
Kaiser Aluminum and Chemical Corp.; 
P. R. Toolin, Westinghouse Electric 
Corp.; E. H. Schuette, Dow Chemical 
Co. (replacing G. H. Found); F. B. 
Stulen, Curtiss Wright Corp. New mem- 
ber added to Subcommittee I Research: 
E. Orowan, Massachusetts Institute of 
Technology. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 48 members; 38 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectively submitted on behalf of 
the committee, 

R. E. PETERSON, 
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O. J. Horcer, 
536 


we |} 


own 


‘Committee F-11 was organized in 
1946 to promote the knowledge of qual- 
ity control methods and their applica- 
tion to specifications and methods of 
test. In the seven years of the commit- 
tee’s existence an ASTM Manual on 
Quality Control of Materials has been 
prepared; Recommended Practices for 
Designating Significant Places in Speci- 
fied Limiting Values (E 29 —- 50) have 
been prepared and adopted as standard 
by the Society; Symposiums on the 
Usefulness and Limitations of Samples, 
and on Bulk Sampling were held; and 
assistance has been given to various 
committees in the application of sta- 
tistical methods to the preparation of 
standards. 

Further to promote the purposes of 
the committee each ASTM technical 
committee will be invited to be repre- 
sented on Committee E-11 by an as- 
sociate member. The individual would 
be skilled in the application of statistical 
methods to standardization work and 
competent in the field of the technical 
committee. The preferred individual 
would be the chairman of a subcommit- 
tee on statistical methods or presenta- 
tion of data. It is expected that this 
liaison will result in bringing to the at- 


ss Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 
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tention of Committee E-11 technica 
committee problems involving the ap- 
plication of statistical methods. In turn 
the activities of Committee E-11 will 
be relayed back to the technical com- 
mittees. 
Active Task Groups of Committee 
E-11 are as follows: 
No. 4 ASTM Sampling Plans 
No. 5 Planning Interlaboratory Test 
Programs 
No. 6 Number of Tests for a Desired 
Precision of An Average 


No. 7 Bulk Sampling 
No. 8 Smoothing Empirical Data 


No. 9 Precision and Accuracy 

No. 10 Design of Experiments 

Recommended practices on several of 
the above subjects are currently in 
preparation. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 21 members; 18 members 
returned their ballots, all of whom have 
voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

H. F. Donce, 
Chairman. 
O. P. BEckKwirtH, 
Secretary. 


| 


Committee E-12 on Appearance held 
two meetings during the year: the first 
at New York, N. Y., on June 25, 1952, 
and the second at Detroit, Mich., on 
_ March 3 and 4, 1953. 


New TENTATIVE 


The proposed Tentative Method of 
Test for 45-deg, 0-deg Directional Re- 
flectance of Opaque Specimens by Filter 
Photometry, appended hereto,’ is recom- 
mended for publication as tentative. This 
method has been developed in coopera- 
tion with Committees C-22 on Porcelain 
Enamel, D-1 on Paint, Varnish, Lacquer, 
and Related Products, and D-6 on Paper 
and Paper Products. It represents a pro- 
posed consolidation of a proposed method 
prepared by Committee C-22 and of the 
present Standard Method of Test for 
Daylight 45-deg, 0-deg Luminous Direc- 
tional Reflectance of Paint Finishes 
(D 771-47), and the Standard Method 
of Test for 45-deg, 0-deg Directional 
Reflectance for Blue Light (Brightness) 
of Paper (D 985 - 50). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definitions (R. S. 
Hunter, chairman) has reached agree- 
ment on three definitions relating to 
gloss. These have been circulated for 
comment and suggestions, with general 
agreement having been obtained. The 
definitions are as follows: 

* Presented at the Fifty-sixth Annual Meeting of the 
by the Society and 


=. in the 1953 Supplement to Book of ASTM Stand- 
, Part 4. 
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Gloss ——The characteristics of an object 
which can produce shiny or lustrous appear- 
ance. 

Luminous Fractional Reflectance-—The ratio 
of the luminous flux reflected to that incident 
on a specimen, for specified solid angles. 

Specular Gloss —The luminous fractional re- 
flectance of a specimen in the direction of 
specular reflection. 


Subcommittee II on Color and Spectral 
Characteristics (Dorothy Nickerson, 
chairman).—Group 1 of this subcom- 
mittee, under the chairmanship of Harry 
K. Hammond, prepared the proposed 
Method of Test for 45-deg, 0-deg 
Directional Reflectance of Opaque 
Specimens by Filter Photometry, sub- 
mitted with this report. 

Group 4, under the chairmanship of 
Deane B. Judd, has indicated that at 
the meeting of the committee in June 
a consolidated test method for 
colorimetric specification from spectro- 
photometric measurements will be pre- 
sented to the subcommittee. 

The papers presented at the 1952 
Symposium on Color Difference Speci- 
fication have been published as a special 
technical publication? 

The advisability of setting up a new 
group to study the psychological aspects 
of color and color difference has been 
censidered. The first project would be 
the visual evaluation of the color series 
being prepared in Subcommittee X on 
Optical Properties of Committee D-1 for 
instrumental evaluation of small color 
differences. 

Subcommittee III on Gloss and 
Geometric Characteristics (H. K. Ham- 
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mond, ITI, chairman).—The major effort 
of this subcommittee concerned the 
organization and sponsorship of the 
Symposium on Gloss held in Detroit, 
Mich., on March 4, 1953, which reviewed 
and discussed the basic principles and 
concepts of gloss perception and measure- 
ment. The program included: 


“Surfaces as Seen and Photographed,” by 
Ralph M. Evans. 

“The Physics of Surface Reflection,” by 
Harry K. Hammond, III, and Daniel Smith. 

“Gloss and its Measurement,” by Richard S. 
Hunter? 

Moderator of Discussion—Deane B. Judd. 


This program was summarized in the 
April, 1953, issue of the ASTM Buttetin. 
Subcommittee IV on Pictorial Repre- 


2 Published in ASTM Buttetin, No. 186, December, 
952, p. 48 (TP190). a 


sentation (R. M. Evans, chairman) has 
been fortunate in obtaining the active 
interest of Ralph Evans as its chairman. 
Consideration is being given to the . 
application of basic pictorial principles to 
the requirements of the technical com- 
mittees of the Society. 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 64 members; 43 members: 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
M. REA 
Chairman. 
DANIEL SMITH, « 
Secretary. 
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Committee E-14 on Mass Spectrom- 
etry held one meeting during the past 
year, in Pittsburgh, Pa., on March 3, 
1953. 

A symposium on mass spectrometry 
was sponsored by the committee and was 
held in conjunction with the Pittsburgh 
Conference on Analytical Chemistry and 
Applied Spectroscopy, March 2 to 6, in 
Pittsburgh, Pa. The following 26 papers 
covering a large cross-section of the field 
of mass spectrometry were presented: 


The Detection of Atoms and Free Radicals in 
Flames by Mass Spectrometric Techniques— 
S. N. Foner 

Some Ions of High Kinetic Energy in Mass 
Spectra of Polyatomic Molecules—Fred L. 
Mohler 

The Formation of Negative Ions of Sulfur 
Hexafluoride—A. J. Ahearn and N. B. Han- 


nay 

Half-life of Negative Metastable Ions—B. L. 
Donnally and H. E. Carr 

Ionization and Dissociation by Electron Im- 
pact: 1-Butanethiol, 2-Butanethiol, and 3- 
Methyl-2-Propanethiol—G. L. Cook and 
J. J. Walsh 

Mass Spectrometer Investigation of Higher 
Valence Uranium Compounds in UF—Russell 
Baldock, John R. Sites, L. O. Gilpatrick, and 
H. E. Carr 

The Metropolitan-Vickers Mass Spectrometers 
—J. Blears 

Accuracy and Reproducibility of Hydrocarbon 
Analysis in Routine Plant Control with a 
Metropolitan-Vickers Mass Spectrometer— 
D. L. Nicholson, M. Jones, arid B. W. Brad- 
ford 

A New Monitoring Mass Spectrometer—Gard- 
ner Wilson and A. P. Gifford 

A Method for Determination of Values for 
Nitrous Oxide in Blood with the Mass Spec- 


* Presented at the Fifth-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
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trometer—Franklin K. Dietzler, John Saari, 
Albert Faulconer, and Edward J. Baldes 

Analysis of Mixtures of the Oxides of Nitrogen 
and Carbon—H. J. Frey and G. E. Moore 

Mass Spectrometric Analysis of Mixtures Con- 
taining Nitric Oxide and Dinitrogen Tetrox- 
ide—R. A. Friedel, A. G. Sharkey, Jr., Janet 
L. Shultz, and C. R. Humbert 

Mass Spectrometry of Solids—E. J. Serfass 

Mass Spectrometric Study of Germanium—R. E. 
Honig 

The Mass Spectrum of Lithium Iodide—Lewis 
Friedman 

High-Temperature Mass Spectrometer Oven— 
J. B. Walton 

Mass Dependence of the Gain of an Electron 
Multiplier from Observations on K-39, Na-23, 
W-184, and U-238—F. A. White and T. L. 
Collins 

A Reliable Method of Counting Individual 
Positive Ions in a Mass Spectrometer for 
Beam Current of Less Than 10~'® Ampere— 
F. A. White 

Lubricating Oil Analysis by Thermal Diffusion 
and Mass Spectrometry—F. W. Melpolder, 
R. A. Brown, T. A. Washall, W. Doherty, and 
W. S. Young 

Analysis of Virgin Petroleum Naphthas by Mass 
and Infrared Spectroscopy—B. W. Thomas, 
J. A. Anderson, Jr., Annelle Elliott, H. E. 
Lumpkin, and R. B. Williams 

Gain Control of Mass-Spectrometer Amplifier— 
S. Meyerson, H. M. Grubb, and W. H. Moeller 

Computed Calibration Data for Gas Analysis 
by Mass Spectrometer—S. Meyerson 

Structural Qualitative Analysis from Mass 
Spectra—J. M. McCrea 

The Identification and Determination of Vola- 
tile Atmospheric Pollutants—Fred W. Mc- 
Lafferty, Gerald E. Clock, and Roland S. 
Gohlke 

Mass Spectrometric Analysis of Six-and Seven- 
Carbon Alcohols—V. A. Yarborough 

Mass Spectroscopic Studies of Mixtures of 
Water and Deuterium Oxide—John L. War- 
neck 
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A round-table discussion of high molec- 
ular weight mass spectrometry, a 
promising, relatively new development in 
the field, was sponsored by the com- 
mittee, and also held in conjunction with 
the Pittsburgh meeting. 

During the past year the following five 
subcommittees of Committee E-14 were 
organized: 

Subcommittee I on Programs and 
Papers, W. J. Priestley, Jr., chairman; 

Subcommittee II on Theoretical and 
Fundamental Aspects, F. L. Mohler, 
chairman; 

Subcommittee III on High Molecular 
Weight and Solids Techniques, M. J. 
O’Neal, chairman; 

Subcommittee IV on Methods, Data, and 


Nomenclature, H. M. Kelley, chair- 
man; and 

Subcommittee V on New Instruments 
and Techniques, H. F. Wiley, 
chairman. 


Meetings are planned for September, 
1953, in Chicago, in conjunction with 
meetings of the American Chemical So- 
ciety, and for May, 1954, in New Or- 
leans. Papers sessions on mass spectrom- 
etry are being planned for the New Orleans 
meeting. 


Respectfully submitted on behalf of 
the committee, 


W. S. Youne, 
Chairman. 
J. G. Hutton, 
Secretary, 
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‘Ve puRPOSE of the Edgar 
Marburg Lecture is to have described at the Annual Meet- 
ings of the American Society for Testing Materials, by lead- 
ers in their respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 
promoting knowledge of materials, the Lecture honors and 


perpetuates the memory of Edgar Marburg, first Secretary 
of the Society. 
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I feel highly honored to have been 
invited to give the Edgar Marburg Lec- 
ture for 1953 before the American Society 
for Testing Materials. In keeping with 
the purpose of the series of Marburg 
Lectures, to describe developments in 
the promotion of knowledge of engineer- 
ing materials, I thought it fitting to 
discuss petroleum, because researches: in 
this field have occupied my attention for 
20 years. Today’s lecture, then, is an 
excursion in petroleum chemistry. 

There is romance in petroleum chemis- 
try research. The spectacular and vital 
accomplishments of the petroleum indus- 
try in World War II, in supplying for our 
country’s defense enormous quantities 
of toluene for explosives, components for 
synthetic rubbers, and high-powered 
aviation fuel, would have been thought 
humanly impossible one or two decades 
earlier. Such developments are rooted in 
the research performed in the labora- 
tories of the petroleum companies and 
in the fundamental research projects 
supported cooperatively by the petro- 
leum industry through the American 
Petroleum Institute.’ 


1 Presented at the Fifty- ‘sixth 98 Meeting of the 
July 1, 1953, Atlantic Gy. 

2 Silliman Professor, Head of the Department of Chem- 
istry, and Director of the Petroleum Research Laboratory, 
Carnegie Institute of Technology, Pittsburgh, Pa. 

For reports on the work of the several research proj- 
ects currently sponsored by the American Petroleum In- 
stitute, through its Advisory Committee on Fundamental 
Research on the Composition and eo of Petroleum, 
the reader is referred to references 1, 2, 3, 4, 5, 6, 7. 
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AN EXCURSION IN PETROLEUM CHEMISTRY! 
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Petroleum, one of our most important 
natural resources, is a very interesting 
and intriguing chemical substance. Al- 
though it contains small amounts of 
sulfur, nitrogen, and oxygen compounds, 
petroleum is largely hydrocarbon ma- 
terial, with molecules ranging in size 
from 1 to 50 or more carbon atoms and 
comprising a diversity of molecular 
types, as paraffins, cycloparaffins (or 
naphthenes), and aromatics (including 
benzene, toluene, naphthalene, and re- 
lated compounds) (8).4 Because petro- 
leum contains many hydrocarbon com- 
pounds which are of themselves impor- 
tant chemicals of commerce, and because 
chemicals derived from petroleum are 
increasing greatly in number and im- 
portance, petroleum has come to be 
called Nature’s storehouse of chemicals. 

Going back into history, we find that 
early man long wondered about the 
thick dark liquid that in certain lands 
oozed from the earth or floated on natural 
waters (9). He learned many centuries ago 
that this strange substance would burn 
and give out great heat and light. Petro- 
leum, or some portion thereof, as bi- 
tumen or asphalt, is mentioned in the 
Bible. History records that asphalt was 
used by man as early as 3800 B.C. (4). 

Petroleum was found as an oily liquid 


4 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 575. 
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exuding from the surface of the earth in 
tar springs, or on shores of lakes, or 
rising from springs beneath the beds of 
rivers. On the surface of water, petroleum 
_ would appear as a thin film, with rainbow 
colors, or in the form of dark globules 
that could be separated mechanically. 
In these forms, and in these limited 
- quantities, petroleum was found in many 
_ places on earth—notably Rumania, 
Persia (now Iran), Italy, Trinidad, Cuba, 
India, and later the United States. In 
Western Pennsylvania, an enterprising 
business man by the name of Kier put up 
petroleum in bottles, labeled Kier’s Rock 
Oil, and sold it as a medicine for the cure 
of many human ills. 

In 1853, a young lawyer of New York 
City returned on a visit to his old home 
at Hanover, N. H. (10). There in the 
office of the Department of Chemistry of 
Dartmouth College, he saw, and was 
greatly impressed by, a small bottle of 
petroleum taken from an oil spring near 
Titusville in northwestern Pennsylvania. 
He discussed the commercial possibilities 
of petroleum with his law partner, who 
also was greatly impressed. They inter- 
ested some capitalists of New Haven, 
Conn., with a view to organizing a com- 
pany, buying the Pennsylvania farm 
where the oil springs were located, and 
marketing the petroleum as an article 
of commerce. But before making any 
investment, the New Haven capitalists 
thought that they should have an analy- 
sis made of the oil to determine its utility 
and value. For this purpose, the lawyer 
promoters engaged one of the most dis- 
tinguished scientists of the country, Prof. 

Benjamin Silliman, Jr., of Yale College 
(10). 

In the meantime, the two lawyers pro- 
ceeded to Titusville, inspected the oil 
springs, purchased the farm on which 
they were located, and in December, 
1854, organized the world’s first petro- 
leum company, called the Pennsylvania 
Rock Oil Company of York. 


: 


EDGAR MARBURG LECTURE 


ever, it was not easy to sell stock in the 
new venture, because the prospective 
investors knew little or nothing about 
petroleum, its uses, or potential com- 
mercial value (10). 

But Professor Silliman soon answered 
these questions. In April, 1855, Silliman’s 
completed report was placed in the hands 
of a friend in New York City, with in- 
structions, however, not to deliver the 
report to the lawyer promoters until 
satisfactory arrangements were made by 
them to pay Silliman for his services in 
the amount of $526.08. The men scraped 
together enough money to pay the bill 
and secure the report. Within a short 
time, printed copies of the first scientific 
analysis of petroleum were ready for 
distribution.® Silliman’s report was the 
turning point, for it dispelled doubts and 
encouraged investors in the venture to 
market the rock oil from the farm near 
Titusville. 

I should like to read a few excerpts 
from Silliman’s report (10). The cover 


page reads: 
* 
REPORT 
on the 
ROCK OIL, OR PETROLEUM 
from 


VENANGO CO., PENNSYLVANIA, 


WITH SPECIAL REFERENCE TO ITS USE FOR 
ILLUMINATION AND OTHER PURPOSES 


BY B. SILLIMAN, JR., 


Prof. of General and Applied Chemistry, 
Yale College 


* * * 


The report itself begins as follows (10): 


Messrs. Eveleth, Bissell and Reed, 
Gentlemen ,— 


5 For additional at po the reader is re- 
ferred to references 13, 14,1 In particular, reference 15 
deals with the publication i in i833 of an article by Benjamin 
Silliman, Sr., entitled ‘ ‘Notice of a Fountain of Petroleum 
Called the Gil Spring,” in which the elder Silliman de- 
scribes eortala tests he made on petroleum from an oil 
spring. 


— 


I herewith offer you the results of my 
somewhat extended researches upon the 
Rock Oil, or Petroleum, from Venango 
County, Pennsylvania, which you have re- 
quested me to examine with reference to its 
value for economical purposes. 


On page 5 of the report, we read (10): 


The Crude oil, as is gathered on your 
lands, has a dark brown color, which, by 
reflected light, is greenish or bluish. It is 
thick even in warm weather—about as thick 
as thin molasses. In very cold weather it is 
somewhat more stiff, but can always be 
poured from a bottle even at 15 F below 
zero. Its odor is strong and peculiar, and 
recalls to those who are familiar with it, the 
smell of Bitumen and Naphtha. Exposed for 
a long time to the air, it does not thicken or 
form a skin on its surface, and, in no sense, 
can it be called a drying oil. The density of 
the Crude oil is 882, water being 1000. It 
boils only at a very high temperature, and 
yet it begins to give off a vapor at a tempera- 
ture not greatly above that of boiling water. 
It takes fire with some difficulty, and burns 
with an abundant smoky flame. It stains 
paper with the appearance of ordinary fat 
oils, and feels smooth and greasy between 
the fingers. It is frequently used in its crude 
state to lubricate coarse machinery. In 
chemical characters (properties), it is en- 
tirely unlike the fat oils. Most of these 
characters (properties) are common to Pe- 
troleum from various places. 


The conclusion of Silliman’s report is 
interesting to read (10): 


In conclusion, gentlemen, it appears to me 
that there is much ground for encouragement 
in the belief that your Company have in 
their possession a raw material from which, 
by simple and not expensive process, they 
may manufacture very valuable products. 

It is worthy of note that my experiments 
prove that nearly the whole of the raw prod- 
uct may be manufactured without waste, 
and this solely by a well directed process 
which is in practice one of the most simple 
of all chemical processes. 

There are suggestions of a_ practical 
nature, as to the economy of your manu- 
facture, when you are ready to begin opera- 
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tions, which I shall be happy to make, 
should the Company require it—meanwhile, 
I remain, gentlemen, 

Your ob’t serv’t, 


B. Jr., 
Prof. of Chemistry in Yale College. 


New Haven, April 16, 1855. 


Four years later, in 1859, the famous 
Drake well was completed, near Titus- 
ville, Pa., to become the first petroleum 
well in history. This well, drilled to a 
depth of 693 ft, produced about 25 
barrels of crude oil per day—in those 
days an extremely large production. 
But we all know how the production of 
petroleum in the continental United 
States since then has grown to astonish- 
ing proportions, as indicated by the 
following figures, in millions of barrels 
per year: 0.002 in 1860; 26 in 1880; 64 
in 1900; 443 in 1920; 1300 in 1940; and 
2200 in 1952. Since 1880, the United 
States production has been about 70 
per cent of the world production. 

Notwithstanding the enormous pro- 
duction, the proved reserves of crude oil 
in the United States have also increased 
to large proportions, being as follows, in 
billions of barrels: 3 in 1900; 7 in 1920; 
19 in 1940; and 28 in 1952. For the conti- 
nental United States, the ratio of proved 
reserves to the annual production has 
decreased somewhat over the years, being 
21 in 1910, 16 in 1920, 15 in 1930, 14 in 
1940, and 13 in 1950. It is seen from these 
figures that the ability of man to locate 
and recover petroleum is keeping reason- 
able pace with his present needs. 

Prior to about 1900, the refining of 
petroleum consisted essentially in using 
the process of simple distillation to 
separate crude oil into the fractions 
we now identify as gasoline, kerosine, 
gas-oil, and lubricating oil. Most of the 
early commercial use was of the kerosine 


for illumination, and of the lubricating 
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oil for lubrication. In those early days, 
the gasoline fraction was a drug on the 
market and, because of its volatility, its 
physical disposal posed a real and hazard- 
ous problem. After about 1900, however, 
more and more of the gasoline was needed 
to operate the increasingly great number 
of automobiles appearing on the Ameri- 
can highways. Soon there even became a 
shortage of gasoline in terms of the 
quantity of it which could be obtained 
from a barrel of crude oil. Fortunately, 
the development and introduction of the 
thermal cracking process by the petro- 
leum industry about the time of 
World War I served to increase the 
quantity of gasoline and at the same time 
to dispose of the surplus gas-oil by the 
thermal cracking of the latter into the 
much needed gasoline. 

After the end of World War I, the 
petroleum industry began to be seriously 
concerned about the chemical constitu- 
tion of its raw material. It was quite clear 
that increasing fundamental knowledge 
of the mixture of chemical compounds 
constituting petroleum would lead not 
only to a more economical use of petro- 
leum in the existing processes, but also 
would lead to the production from petro- 
leum of entirely new substances for the 
needs of man. 

In 1925, the petroleum industry, 
through the American Petroleum Insti- 
tute (API), embarked on a program of 
fundamental research on the origin, re- 
covery, production, composition, and 
properties of petroleum. The purpose of 
this program was to obtain fundamental, 
basic, and background information con- 
cerning petroleum which would benefit 
the industry as a whole in fields of broad, 
but primarily noncompetitive, interest 
and would not be directly applicable to 
industrial operations or processes (1). 

Among the many API research proj- 
ects that were carried on under this 
program, we single out for discussion 
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here the two with which your speaker 
has been connected, namely, the API Re- 
search Project 6, on “Analysis, Purifica- 
tion, and Properties of Petroleum Hy- 
drocarbons,” established in 1927 and 
involving to date about 350 man-years of 
work, and the API Research Project 44, 
on “Data on Hydrocarbons and Related 


A 
PHASES, 
B 


Fic. 1.—Schematic Diagram of a Simple 
Fractionating Process of n Stages, Involving 
Thermodynamic Equilibrium of Two Compo- 
nents in Each of Two Phases. 

From Rossini (11). 


Compounds,” established in 1942 and 
involving to date about 85 man-years 
of work.® 


API RESEARCH PROJECT 6 


The API Research Project 6 carries on 
the following investigations: 


1. Fractionation, analysis, and isola- 
tion of hydrocarbons from petroleum. 
The general problem set before the Proj- 
ect was to start with a large quantity of 
a selected original crude petroleum 
known to have intermediate properties 
and by the appropriate interlocking of 
suitable physical methods of fractiona- 
tion resolve the petroleum into its major © 
constituent compounds. 


¢ A summarizing description of the work of the API 
Research Project 6 is given in reference 2 and of the API 
Research Project 44 in reference 4. 

7 For a detailed account of the work of the API Re- 
search Project 6, the reader is referred to reference 12. 


3 
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2. Development and operation of frac- 
tionating processes. In order to separate 
the petroleum into its components, frac- 
tionating processes of high separating 
power are developed and operated. 


raw material of the petroleum industry. 


3. Purification of API Standard and 
API Research hydrocarbons. To identify 
compounds isolated from petroleum, syn- 
thetic API Research hydrocarbons are 
purified for reference and research. To 


Fic. 2.—Nature Did Not Make Petroleum Simple. 

Petroleum is one of the most complex mixtures of nature. The tall distilling columns shown here in the laboratories 
of the API Research Project 6 at the Carnegie Institute of Technology operate continuously 24 hr per day, 7 days per 
week, with fractionating efficiency equivalent to 200 theoretical plates, unlocking the secrets of the composition of the 


satisfy the needs of the industry for 
standard hydrocarbons for calibrating 
spectrometers, API Standard hydrocar- 
bons are purified. 

4, Measurement of physical properties 


of API Research hydrocarbons. For pur- 
poses of record and identification, ac- 
curate measurements are made of the 
simple physical properties of the highly 
purified API Research hydrocarbons. 


alw @ | 
—— | 

| 

| 

Na = 


550 


EpGAR MARBURG LECTURE 


TABLE I.—CHARACTERISTICS OF THE 13 REGULAR PACKED DISTILLING COLUMNS OF API 
RESEARCH PROJECT 6 AS OF JUNE 30, 1953. 


ap | | | | Re 
Rectifying Section Pot Mini. | Esti-, 
ate o mate: ime 

Maxi- Operat- — mW | Collec- Operat- |Number for Dis- 

Actu-| mum ing Pres- |Through-, tee of | Reflux of 

Diam-| Leneth al | Charg- | Residue! sure put? | |. Ratio | Pl 

eter, Pack- Vol- ing |(approx-) Drop,°| ml per | (approx- | (a 
mm e,| Ca- | imate), |mm hr =| ™ Per | imate) | ( 

liters | pacity, ml Sex) | 

m | ft liters’ reflux) | imate), 

| hr 

, re 11 | 2.74 9 HG 3.2 2.8 40 12 300 2.0 150 150 1420 
Beased 16 | 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 1515 
Bae 16 | 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 1515 
4.. 16 | 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 | = 1515 
| 16 | 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 | 1515 
= 16 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 1515 
Bix 16 | 3.66 12 HG 7.2 6.0 100 20 800 4.0 200 200 1515 
Bes 22 3.66 12 HG 7.2 6.0 100 20 1400 | «(17.0 200 885 
Poe 22 3.66 12 HG 7.2 6.0 100 20 1400 | 7.0 200 200 885 
10.....] 25 | 3.66] 12 | HG | 7.2] 6.0 | 100 20 1800 | 9.0 200 695 
.. 25 4.57 15 SSH won 6.0 175 26 1600 11.0 150 150 570 
25 4.57 15 SSH | 18.0 15.0 300 26 1600 11.0 150 150 1375 
25 | 4.57 15 SSH | 18.0 | 15.0 300 26 1600 11.0 | 150 150 | 1375 


® This is the actual length of packed section. The total length of each column, from the bottom of the pot to the 


end, of the condenser, is approximately 6.9 m (20 ft). 
SSH represents stain 

© The values listed for p 


mercury. For operations at 


steel helices, 342 in. in diameter, made of No. 30 AWG wire; HG represents Heli-Grid 


drop, t hput, and rate of collection of product refer to operations at 760 mm 
lower pressures, values for the throughput and rate of collection of product are lower. 


4 Including the initial hours for attainment of equilibrium. For distillations at 30 mm mercury, approximately 4000 


hr are required for the distillation of the maximum charge in columns 12 


The methods of fractionation used in 
the work on the API Research Project 
6 include the following: 


1. Distillation (involving a 
phase and a gas phase). 

(a) Regular, at one pressure (at 30, 
55, 214, and 760 mm mercury). 

(6) Alternately at different pressures 
(at 30, 55, 214, and 760 mm mercury). 

(c) At very low pressures (0.01 to 0.1 
mm mercury). 

2. Extraction (involving two liquid 
phases). 

(a) With one solvent phase. 

(b) With two solvent phases. 

3. Adsorption (involving a liquid 
phase and a solid-adsorbed phase). 

(a) Regular. 

(b) With one or more added compo- 
nents. 

4. Crystallization (involving a liquid 
phase and a solid phase). 
(a) Regular. 
(6) With selected solvent. 


liquid 


and 13 


Fic. 3.—Schematic Diagram of the Simple 
Fractionating Process of Adsorption. 


5. Formation of molecular or clathrate 


compounds. 


Among the foregoing fractionating 
processes, separation by size of molecules 


a 
%, = = 
FILLED = = 
wiTH % 
SILICA : 
: 
: 
% 


is produced by distillation at one fixed 
pressure, whereas separation by, type of 
molecules is produced by distillation al- 
ternately ai different pressures, distilla- 
tion azeotropically, extraction, and ad- 
sorption. 

Figure 1 shows a schematic diagram of 


a simple fractionating process of n stages, 
involving thermodynamic equilibrium of 


L 
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Fic. 4.—Separation by Adsorption of Toluene 
and 2,2,4-Trimethylpentane (“Jsooctane”). 


two components in each of two phases 
(11). In the first stage, phase A is in equi- 
librium with phase B. Phase A of stage 
1 has the same composition as phase B of 
stage 2. A new equilibrium exists between 
phases A and B in stage 2. Phase A of 
stage 2 has the same composition as 
phase B of stage 3. And so on through the 
n stages. The two phases involved may 
be any combination of gas, liquid, or 
solid, depending upon the particular 
process being used. One important point 
to emphasize is the following: if a given 
process produces in one stage any meas- 
ureable separation, however small, the 
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process can usually be made a very suc- 
cessful one simply by using a sufficiently 
large number of stages, m. 

Figure 2 is a photograph of the dis- 
tillation laboratory of the API Research 
Project 6 (12). Normally, this laboratory 
operates continuously 24 hr per day, 
every day in the year. The laboratory 
has 13 complete distilling columns with 
the characteristics shown in Table I. One 
of the representative columns, such as 
Column 5, has a fractionating power of 
200 equivalent theoretical plates, a 
charging capacity of 6 liters (about 14 
gal), a throughput of 800 ml per hr, a 
reflux ratio of 200 to 1, and a product 
rate of 4 ml per hr. This means that a full 
charge requires about 1500 hr or 2 
months of continuous distillation at 760 
mm mercury (12). 

A schematic diagram of the simple 
fractionating process of adsorption is 
given in Fig. 3. The desorbent (ethyl al- 


cohol) forces the zone of hydrocarbons © 


(shown in solid black) down over the 


solid adsorbent (silica gel). As the zone | 


of hydrocarbons passes down over the 
adsorbent, those hydrocarbons which are 
more strongly adsorbed lag behind while 
those which are less strongly adsorbed 
are pushed forward and are the first to 
issue from the bottom of the adsorption 
tube. In actual practice, we have appara- 
tus of this kind ranging in size from pyrex 
glass tubes in. in diameter and 3 ft in 
length up to stainless steel tubes 2 in. in 
diameter and 65 ft in length (12). 

One of the small glass adsorption col- 
umns can be used to determine the 


amount of aromatic hydrocarbons in a © 


sample of gasoline. The results of the sep- 
aration by adsorption of a test mixture 
made up of 20 ml of toluene and 80 ml of 
2,2,4-trimethylpentane (“isooctane’’) is 


| 
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shown in Fig. 4. The horizontal scale 
gives the volume of filtrate issuing from Adsorption of Research Division IV on 
the apparatus, with the refractive index Hydrocarbon Analysis of ASTM Com- 


tion C on Analysis of Hydrocarbons by 


Percentoge by Volume 


a = 60 80 100 
T 
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Fractionation 
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tion of Petroleum. 
From Rossini, Mair, and Streiff (12). 


of the filtrate being plotted vertically. 
The separation is seen to be quite sharp. 
This apparatus and method became the 
basis of ASTM method of test for aro- 
matic hydrocarbons in gasoline by ad- 
sorption (D 936),’ developed under Sec- 


Fic. 5.—Results of the Fractionation by Adsorption in a Tall Steel Column of the Gas-Oil Frac- 


mittee D-2 on Petroleum Products and 
Lubricants. 
Figure 5 illustrates how the gas-oil 
fraction of petroleum, which is between 
8 Tentative Method of Test for Aromatic Hydrocarbon 


in Olefin-Free Gane, Silica Gel Adsorption (D 9 36- 
51 T), 1952 Book of ASTM Standards, Part 5, p. 376, 


| 


1s 
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kerosine and lubricating oil, is separated 
by adsorption in a tall steel column. It is 
seen that this one-pass operation yields 
a powerful separation of this complex 


Fic. 6.—Photograph of the Site of the Brett 
No. 6 Well, near Ponca City, Okla., on March 
10, 1940. Frederick D. Rossini (Director, API 
Research Project 6) is at the left and Bert H. 
Lincoln (then Chief Chemist, Continental Oil 
Co.) at the right. 


pump” in 1926 and produced until 1936 
when the well was plugged and aban- 
doned because of salt water encroach- 
ment. In 1928, there was taken from this 
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Fic. 7.—Relation Between the Number of 
Components in the Light Gasoline Fraction, 40 
to 132 C, and the Percentage of the Material 
Constituted by Them. 
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Fic. 8.—Relation Between the Number of Components in the Gasoline Fraction, 40 to 180 C, 
and the Percentage of the Material Constituted by Them. 


mixture into certain classes of compon- 
ents. 

Figure 6 shows the site of the Brett 
No. 6 well near Ponca City, Okla. This 
well was drilled in 1919, producing at a 
depth of 3870 ft; it was placed ‘“‘on the 


‘one well 600 gal of crude petroleum, 
which has been under investigation by 
the API Research Project 6 since then. 

Table II gives a list of the 135 hydro- 
carbons isolated from the Project’s rep- 
resentative petroleum as of June 30, 
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TABLE II.—HYDROCARBONS ISOLATED FROM ONE BESRRSENTATIVG PETROLEUM. 
By the API Research Project 6 as of June 30, 


Formula 


| Esti- | 
Purity | 
sr of the mated References 
Point at Best. |Amount Research 
Compound Type* Sample Crude Papers in 
Tso- Which the 
Cent | | jeum @ | Work is 
Described 
per cent 
Methane Normal paraffin —161.49 f f : 
Ethane Normal paraffin —88.63 f f 
Propane ormal —42.07 f f ae 
n-Buta Norma! paraffin —0.50 f f 
?-Methylbutane paraffin 27.85 f f 
n-Pentane Normal paraffin 36.07 f f aie 
Cyclopentane Cyclopentane 49.26 f 0.05 84 : 
,2-Dimethylbutane Banc ned paraffin 49.74 f 0.04 84 
2,3-Dimeéthylbutane Branched 57.99 | 97 0.08 8, 84 
2-Methylpentane paraffin 60.27 | 99.97 | 0.37 8, 84, 97 
3-Methylpentane ranched paraffin 63.28 | 99.9 0.35 8, 84, 97 
n-Hexane Norma! paraffin 68.74 | 99.9 1.80 12, 84, 97 
Methylcyclopentane eganaans 71.81 | 98.7 0.87 14, 84 
2,2-Dimethylpentane Branched paraffin 79.20 | 97 0.02 21, 84 
Benze ne Benzene 80.10 | 99.6 0.15 12, 84 
¢-Dimethylpentane Branched paraffin 80.50 f 0.08 84 
Cyclohexane Cyclohexane 80.74 | 99.9 0.71 13, 84 
1,1-Dimethylcyclopentane Cyclopentane 87.85 | 98 0.16. , 84 
2,3-Dimethylpentane Branched paraffin 89.78 | 53% 0.15% » 127 
2- “Methy Ihexane Branched paraffin 90.05 | 97 0.73 | 26, 84, 127 
1, trans-3- Cyclopentane 90.77 | 85 0.87% 75, 84, 127 
1,cis-3-Dimethylcyclopertane 91.72 | 0.21¢ 7 
3-Methylhexane Branched paraffin 91.85 | 93 0.51 75, 84, 127 
1, trans-2- ara Cyclopentane 91.87 | 93 0.48" | 75, 84, 127 
3- ‘Ethylpentan: Branched paraffin 93.48 | 98.7" | 0.06 7 
n-Heptane Normal paraffin 98.43 | 99.9 2.3 18, 84 
Methylcyclohexane Cyclohexane 100.93 | 99.8 1.6 18, 84 
Ethy' 1 Cyclopentane 103.47 | 98 0.16 105 
1,1,3 thylcyclopentane seemgeniane 104.89 | 98.1 0.30 105 
2:2:Dimethylhexane Branched 106.84 | 50” 0.01 105 
2,5-Dimethylhexane Branched paraffin 109.10 | 554 0.06" | 125 
1, a Trimethylcyclo- | Cyclopentane 109.29 | 34* 0.22 125 
2,4-Dimethythexane Branched paraffin 109.43 | 414 0.06" | 125 
2,2,3-Trimethy] pentane Branched paraffin 109.84 | | 0.004" | 125 
1, trans-2, cis-3-Trimethylcyclo- Cyclopentane 110.2 98.6 | 0.26 125 
pentane 
Toluene Benzene 110.62 | 98 0.51 10, 84 
3,3-Dimethylhexane Branched paraffin 111.97 | 86% 0.03 Ss 
2,3,4-Trimethylpentane Branched paraffin 113.47 | 174 0.005" | 125 
1,1,2-Trimethylcyclopentane cyeingentans 113.73 | 98 0.06 125 
2,3,3-Trimethylpentane Branched paraffin 114.76 | 104 0.006" | 125 
2,3-Dimethylhexane Branched paraffin 115.61 | 65* 0.074 125 
2-Methyl-3-ethylpentane Branched paraffin 115.65 | 51% 0.06" 125 
1,cis-2, trans-4-Trimethylcyclo- | Cyclopentane 116.73 | 0.01% | 
pentane P 
1,cis-2, trans-3-Trimethylcyclo- Cyclopentane 117.5 90% 0.07* | @ 
ntane 
ethylheptane Branched paraffin 17.65 | 90 0.90% | 27,9 
4-Methylheptane Branched paraffin 117.71 | 34% 0.20% | 9 
3,4-Dimethylhexane Branched paraffin 117.72 | 40* 0.13 | 7 
Branched paraffin 118.26 6* 0.02% | 
3-Ethylhexane Branched paraffin 118.53 | 43% 0.09% | 9 
Cycloheptane Cycloheptane 118.79 | 90. 0.01% | 7 
3-Methy heptane Branched paraffin 118.92 | 98% 0.308 | 7 
1,trans-4-Dimethylcyclohexane | Cyclohexane 119.35 | 75* 0.25% | 2 
1,1-Dimethylcyclohexane Cyclohexane 119.54 | 84* 0.06% | 9 
1, cis-3-Dimethylcyclohexane Cyclohexane 120.09 | 84% 0.63* | 42,9 
1-Methyl-trans-3-ethylcyclo- Cyclopentane 120.8 
pentane 57* 0.12* | 
1-Methy]-cis-3-ethylcyclo- Cyclopentane 121.4 
— 
1-Methy]-trans-2-ethylcyclo- Cyclopentane 121.2 | 
1- -1-ethyleyclopentane Cyclopentane 121.52 | 65* | 
1,1, os, , trans-4-Tetramethyl- Cyclopentane 121.6 83* 0.04% | 9 
cyc ntane 
1,trans-2-Dimethylcyclohexane | Cyclohexane 123.42 | 98* 0.31 | 48,9 
2,2,5-Trimethylhexane Branched paraffin 124.08 | 11% 0.002¢ | @ 4 
1, cis-4- Dimethylcyclohexane Cyclohexane 124.32 | 76* 0.09 Q 
1; trans-3-Dimethylcyclohexane | Cyclohexane 124.45 | 49% 0.07% | 9 


No | 
CH, 
C:Hs 
C;:Hs 
CsHi 
sHio 
= . CoHu 
10 CcHu 
11 CcHu 
12 CcHu 
13....| CeHu 
14....| 
1S....| 
16....| CeHe 
17....| CzHie 
18....| CeHiz 
19....| 
20....| CrHis 
21....| CrHis 
22....| 
23....| CrHu 
24....| CrHis 
23....] Coline 
26....| 
27....| 
28....| CrHu 
29....| CrHu 
30....| CsHis 
31....| CsHis 
32....| CsHis 
33....| CsHis 
M....| CoH 
36. 
C:Hs 
38....| 
39...) CaHis 
40....] 
44....| CsHis 
45....| CsHis 
46....| CsHis 
47....| 
48....| 
49....| CeHis 
52....| CsHis 
53....| CsHis 
54....| CsHis 
55....| CsHie 
56....| CsHis 
57....| CsHie 
58....| 
59....| CeHis 
62....| 
63....| CsHis 
64....| CeHis 
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TABLE II.—Continued, 
Esti- 
Purity 
Boiling | of the mated | References 
Point | Best, |‘in the |t Research 
No. | Formula Compound Type* Atmos. | Sample) Crude | Papers in 
| _ Iso- Which the 
phere, lated,¢ Petro- 
deg Cent leum,@ Work is 
mole | volume | 
aa per cent 
... CsHis | n-Octane Normal paraffin 125.66 | 99.2 1.9 11,9 
66.. CsHie | Isopropylcyclopentane Cyclopentane 126.42 | 15% 
67.. CoHis | Tetramethylcyclopentane™ Cyclopentane 127.4 | 90. 0.11, | 2% 
68.. CsHis | 1-Methyl-cis-2-ethylcyclopentane | Cyclopentane 128.05 | 52% 0.04% | 2 
6.. CsHis 1, cis-2-Dimethylcyclohexane Cyclohexane 129.73 | 45* | 
70.. CsHie | n-Propylcyclopentane Cyclopentane 130.95 | 49% 0.067 | 
CoHeo | 2,3,5-Trimethylhexane Branched paraffin 131.34 | 16¢ | 
7... CsHie | Ethylcyclohexane Cyclohexane 131.78 | 94 0.37% | 44,9 
73.. CsH2 | 2,6-Dimethylheptane Branched paraffin 135.21 | 98.6 | 0.05 52, 70 
74.. CsHie | Ethylbenzene Benzene 136.19 | 96 0.19 28, 84 
| CoHis 1,1,3-Trimethylcyclohexane Cyclohexane 136.63 | 99.9 | 0.2 37 
we... 10 p-Xylene Benzene 138.35 | 99.8 0.10 24, 84 
= 10 m-Xylene Benzene 139.10 | 99.9 0.51 24, 84 
78.. CsH2o | 2,3-Dimethylheptane Branched paraffin 140.5 60 0.05 68 
79... CoHis Trimeth: Icyclohexane™ Cyclohexane 141.2 95 0.2 68 
80. . CesHeo | 4-Methyloctane d paraffin 142.48 | 80 0.1 56 
CsH2o | 2-Methyloctane anched paraffin 143.26 | 99.9 | 0.4 56 
82.. | 3-Methyloctane d paraffin 144.18 | 95 0.1 56 
83.. CsHio o-Xylene 3enzene 144.41 | 99.7 0.27 24, 84 
84.. CsHis | Monocycloparaffin™ Monocycloparaffin 145.6 | 99 
85.. CsHis | Dicycloparafin™ Dicycl 146.7 | 99 f 
86.. CsHeo | #-Nonane Normal 150.80 | 99.94 | 1.8 17, 103, 9 
CoHiz 3enzene 152.39 | 99.8 | 0.074 | 61, 84, 111 
88.. CoH | n- 3enzene 159.22 | 98 | 0.094 | 84, 111, 
89... CoH | 1-Methyl-3-ethylbenzene 3enzene 161.30 | 994 0.177 11, 
90.. CsHiz | 1-Methyl-4-ethylbenzene 3enzene 161.99 | 944 0.067 | 111, 9 
91.. CsHiz | 1,3,5-Trimethylbenzene Benzene 164.72 |-99.9 | 0.127 | 33, 111 
92....| CsHiz | 1-Methyl-2-ethylbenzene 165.15 | 80% | 0.094 | 111, 9 
93.. CioH2: | 4-Methylnonane Branched paraffin 165.7 | 96 6.1 g 
94.. CioH2: | 2-Methy Branched paraffin 166.8 | 99.9 | 0.3 g 
95.. CioHe: | 3-Methylnonane Branched paraffin 167.8 98 0.1 g 
96....| CioHis | tert-Butylbenzene Benzene 169.12} | 0.01% | 111 
97.. oHie 1,2,4-Trimethylbenzene Benzene 169.35 | 99.7 0.517 | 33,97, 111 
98... CioHu | Isobutylbenzene Benzene 172.76 
99.. CioHu | sec-Butylbenzene Benzene 173.30 f f a 
100. . | #-Decane Normal paraffin 174.12 | 99.9 1.8 19, 9 
101... CoH 1,2,3-Trimethylbenzene Benzene 176.08 | 99.8 0.12 33, 97 
102....| CioHu 1-Methyl-3-propylbenzene Benzene 181.80 f 
103. . CiHu | 1,2-Diethylbenzene Benzene 183.42 f g 
104. . CioHu | 1-Methyl-2-Propylbenzene Benzene 184.80 f f 
105... CioHu | 1,4-Dimethyl-2-ethylbenzene Benzene 186.91 f 
106.”. ioHis | trans-Decahydronaphthalene Dicycloparaffin 187.25 f f 
107....| CioHu | 1,3-Dimethyl-4-ethylbenzene Benzene 188.41 f 
108. . CioHu | 1,2-Dimethyl-3-ethylb B 193.91 f 
109. . | nm-Undecane Normal paraffin 195.89 | 99.97 | 1.6 116, 
110.. CiwHu | 1,2,4,5-Tetramethylbenzene Benzene 196.80 
111. CiHu | 1,2,3,5-Tetramethylbenzene Benzene 198.00 f f g 
112. CuHeo | Dicycloparafin Dicycloparaffin 202.5 f f 9 
113. CuHis | Alkyl benzene” Benzene 204.1 98 0.06 9 
114. CioHi2 | 4-Methylindan Aromatic-cyclo- 204.5 | 68* f 
paraffin 
115. CiwHu | 1,2,3,4-Tetramethylbenzene Benzene 205.04 | 99.9 0.2 79 
116. CuHis | 1,3-Dimethyl-4-n-propyl- Benzene 6 | 96 0.03 9 
benzene” 
117. CiHiz | 1,2,3,4-Tetrahydronaphthalene -——~ “yond 207.57 | 98.5 79 
paraffin 
118. CuHis | 1,2-Dimethyl-4-n-propyl- Benzene 208.5 | 99 0.03 g 
benzene” 
119. CuHie | Trimethylethylbenzene™ Benzene 212.3 | 97 0.04 9 
120. CiwHes | n-Dodecane Normal paraffin 216.28 | 99.9 1.4 74 
121. CiwHs | Naphthalene Dinuclear aromatic 217.96 | 99.9 | 0.06 74 
122. CuHu | Aromatic-cycloparafiin™ 220.7 97 0.04 
paraffin 
123. CuHu | 6-Methyl-[1,2,3,4-tetrahydro- Aromatic-cyclo- 229.03 | 99.5 0.09 79 
naphthalene] paraffin 
124. CuHuw | 5-Methyl-[1,2,3,4-tetrahydro- Aromatic-cyclo- 234.35 | 99.7 | 0.08 79 
naphthalene} paraffin 
125.. CisHes | n-Tridecane Normal paraffin 235.44 | 98 4.3 g 
126. . CuHio | 2-Methylnaphthalene Dinuclear aromatic 241.05 | 99.9 0.2 74 
w.. CuHi | 1-Methylnaphthalene Dinuclear aromatic 244.64 | 99.7 0.1 74 
128. uHyo | #-Tetradecane Normal paraffin 253.57 | 98.5* | 1.0 9 
129.. CizxHio | Biphenyl Dinuclear aromatic 255.2 f f g 
130. CH | 2,6-Dimethylnaphthalene Dinuclear aromatic 262 
131. | Dimethylnaphthalene™ Dinuclear aromatic 268 f 
(Continued on page 556) 
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TABLE II.—Concluded. 


it Esti- 
te 
ons of the References 
| Best Amosat to Research 
No. | Formula Compound Type* Atmos, | Sample] Crude | Papers in 
tro. | Which the 
g Cent lated,° leum dad Work is 
mole volume Described? 
per cent) cent 
132.. CisHs | n-Pentadecane Normal paraffin 270.63 | 98.5* | 0.8 9 
CiuHu | Trimethylnaphthalene™ Dinuclear aromatic 285 f f a 
134.. | »-Hexadecane ormal 286.79 | 0.7 
135... CuHas | n-Heptadecane Normal paraffin 301.82 | 97% 0.6 


* The compounds are classified according to the following types: normal paraffin; branched paraffin; cyclopentane 
(and its alkyl derivatives); cyclohexane (and its alkyl derivatives); benzene (and its alkyl pr ll mm bscrclonecntins 
aromatic-cycloparafiin (mixed type). “Monocycloparaffin”’ indicates either the ‘‘cyclopentane” or 

“‘cyclohexane”’ type. 

> This is the value for the pure compound, as taken from the tables and files of the American Petroleum Institute 
Research Project 44, and is not necessarily the temperature at which the compound appears in the distillation of the 
appropriate fraction of petroleum. : 

© Where the amount of the best sample isolated was sufficient, and the sample was crystallizable, the purity has been 
calculated from the value of the freezing point previously reported and the present best values of the freezing point 
for zero impurity and cryoscopic constants from the rican Petroleum Institute Research Projects 44 and 6. Where 
not apes on cryoscopically, the purity has been evaluated from the physical properties or spectrographic measure- 
ments or both. 

The values for the amount in the crude petroleum are rounded estimates subject to revision as new data become 
available from the work in pa, : 
¢ The numbers in this column refer to the published papers of the American Petroleum Institute Research Project 
6, a list of which may be obtained by writing the Petroleum Research Laboratory at the Carnegie Institute of Tech- 
nology, Pittsburgh 13, Pa. 
Not determined. 

Unpublished. 

» Detern.ined spectrographically from measurements made in the Socony-Vacuum Laboratories, Paulsboro, N. J. 

» ‘ |e spectrographically from measurements made in the laboratories of the Humble Oil and Refining Co., 
aytown, lex. 

% Determined spectrographically from measurements made in the following laboratories: Humble Oil and Refining 
Co., Baytown, Tex.; Socony-Vacuum Laboratories, Paulsboro, N. J.; Standard Oil Development Co., Elizabeth, N. J.; 
Sun Oil Co., Norwood, Pa. 

Purification of these samples was not carried to completion because, for purposes of identification, much purer 
samples were available from other sources. 

™ Identity not yet established. 


® Tentative; identification not complete. 


TABLE III.—DISTRIBUTION, BY TYPE AND 
BROAD FRACTION, OF THE HYDROCARBONS 
ISOLATED FROM ONE REPRESENTATIVE PETRO- 


UM. 
By the API Research Project 6 as of June 30, 1953. 


each of the boiling ranges is accounted 
for in terms of individual compounds. 
That part of the gasoline fraction of 


as Penction petroleum normally boiling between 40 

> and 132 C is substantially made up of 65 

2 3\5 Total compounds. In Fig. 7, the vertical scale 

gla\3\és gives the percentage amount of this ma- 

———. —_-—|— _—|——|——_ terial that is constituted by any given 

| 37 number of the 65 hydrocarbon com- 

Pounds, with the number being counted 

Anyi in decreasing order of occurrence, the 

Dicycloparaffins..............- 1 2)|...| 3 most abundant compound being counted 
Dinuclear aromatics........... 7 

Aromatic-cycloparaffins........] ...| ...| 5|.--|__5 first, the next most abundant second, etc. 

5 25,9) 135 As this plot shows, this gasoline material 


is not nearly so complex as it might have 
been. Five compounds constitute nearly 
50 per cent of the material. 

Figure 8 gives a similar plot for the en- 
tire gasoline fraction of petroleum, taken 
as the material normally boiling between 


1953, by the methods referred to, and 
Table III gives the distribution of these 
135 hydrocarbons by type and broad 
fraction. Table IV shows how much of 
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40 and 180 C. Here we see that although 
there are about 500 compounds possible 
in the entire gasoline fraction, the bulk of 
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| 


of the 500 possible compounds occur in 
equal amounts in this gasoline. 
The composition of the various broad 


TABLE IV.—SUMMARY, BY BOILING 3, RANGE OF THE HYDROCARBONS ISOLATED FROM ONE REP- 
ENTATIVE PETROLEUM 


one deg Cent <40 40-180 180-230 230-300 >300 
Boiling range {dss Fabr | <i04 104-356 | 356-446 | 446-572 $572 Total 
Compounds isolated................... 5 96 21 12 1 135 
Estimated percentage of the fraction ac- 
84 33 35 3 43 
150 '50 
3 4 
° 
& 
2 
ail 
= ad 
S 50 — 50 
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Fic. 10.—Plot of the Number of Hydrocarbons Isolated from a Large Lot of One Representa- 
tive Petroleum, Plotted as a Function of the Years of Investigation. 


As of June 30, 1953, the total is 135. 


TABLE V.—GASOLINE FRACTIONS FROM SEVEN REPRESENTATIVE PETROLEUMS. 


Content | Content 
of of Aro- 
Source Field Supplier Type Sulfur, | matics, 
per cent | percent 
by weight | by volume 
ee Continental Oil Co. Intermediate 0.017 9.8 
Ps cccrececcenda Standard Oil Development Co. Intermediate 0.033 10.4 
OS SS ae Quaker State Oil Refining Co. High in paraffins 0.012 8.3 
Greendale- 
..| Pure Oil Co. High in norma! paraffins 0.014 2.2 
Winkler, Tex.. .| Standard Oil Co. (Indiana) ae | in branched paraffins 0.159 4.9 
Midway, Calif. Standard Oil Co. of California hi » ar ‘cyclopentanes and 0.045 8.0 
yl cyclohexanes 
Canete, TOE...ccscccsesss Humble Oil and Refining Co. High i in aromatics 0.002 27.6 


the material is made up of a relatively 
small number of compounds. Fifteen 
compounds constitute 52 per cent of the 
entire material. The dashed line is what 
we would have if Nature had made each 


fractions of the Project’s representative 
petroleum in terms of the various classes 
or types of hydrocarbons is summarized 
in Fig. 9. The work has included exam- 
ination of the heavy gas-oil and lubricant 


fractions although no compounds have 
yet been separated from them. | 

Figure 10 shows the rate at which new 
hydrocarbons have been isolated from 
the representative petroleum of the API 
Research Project 6, beginning with zero 
in 1927 and rising to 135 as of June 30, 
1953. The horizontal position of the 
curve near the middle corresponds in 


TABLE VI.—RELATIVE AMOUNTS OF THE Ce, 


ROSSINI ON PETROLEUM CHEMISTRY 


gasoline fractions from six additional rep- 
resentative petroleums were selected to 
represent large production in different 
areas of the country and to be as different 
as was known at the time. The seven rep- 
resentative gasolines are listed together 
in Table V. By means of an extended but 
relatively short-cut procedure involving 
the fractionating processes of distillation 


AND Cs AROMATIC HYDROCARBONS IN SEVEN 


REPRESENTATIVE PETROLEUMS. 


Petroleum 
Number of Green- Range of | Average 
C Atoms Compounds Mid- Values Value 
Okla. | Tex. | kawlin, | Tex. | Calif. | 
Mich. 
| Oe Benzene 9 a 4 13 10 5 6 4 to 13 
, SERIES. Toluene 30 29 3M 37 20 30 38 20 to 38 31 
ylene 
61 67 6s 50 70 65 56 | S0to70| 62 
o-Xylene 
Total..... | 100 | 100 .| 100 100 | 100 | 100 | 100 100 


TABLE VII.—RELATIVE AMOUNTS OF Cs AND C; ALKYL CYCLOHEXANES IN SEVEN REPRESENTATIVE 


PETROLEUMS. 
Petroleum 
Number of ‘| Green- of | Average 
C Atoms Compounds Brad- | dale- | Wink- | Mid- Values | Value 
Ponca, | East ler, Conroe, 
Okla. | Texas Pa. kawlin, Tex. Cal. Tex 
Mich. 
| ee Cyclohexane 30 21 24 33 31 29 30 21 to 33 28 
7......-.-..-| Methylcyclohexane 70 79 76 67 69 71 70 67 to 79 72 
Total.....| 100 | 100 | 100 100 | 100 | 100 | 100 | 100 


time to World War II, when the resources 
of the Project were largely diverted to 
work on military aviation fuels and re- 
lated problems. 

About 1940, the Advisory Committee 
for the API Research Project 6 decided 
that, having learned a great deal about 
the hydrocarbons in one representative 
petroleum, the Project should gain some 
knowledge of how petroleums from dif- 
ferent fields varied. The Project’s one 
representative petroleum, from Okla- 
homa, was intermediate in type. The 


and adsorption, analyses were made of 
the major components in these seven 
gasolines. From this work, the following 
conclusions were reached: 


1. The components in the gasoline 
fraction of each petroleum may be placed 
in five main classes: 

(a) Normal (straight chain) paraffins 

(6) Branched paraffins 

(c) Alkyl cyclopentanes 

(d) Alkyl cyclohexanes 

(e) Alkyl benzenes 
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2. Within each of these main classes, p-xylene) in the seven representative 
the individual compounds occur in pro-- gasolines, and Table VII shows the rela- 


portions which are usually of. the same 


Fic. 11.—Women Chemists Serve the Industry in Determining the Purity of Hydrocarbons. 


tive amounts of cyclohexane and methy]- 


API Standard and Research hydrocarbons have their purity evaluated from accurate measurements of freezing points. 
With the apparatus shown here, these chemists of the API Research Project 6 at the Carnegie Institute of Technology 
are adjusting the freezing point apparatus and measuring temperatures to 0.001 C with platinum resistance thermometers. 


order of magnitude for different petro- 
leums. 


The foregoing conclusions are illus- 
trated with two examples: Table VI 
shows the relative amounts of benzene, 
toluene, and the Cg, alkyl benzenes 
(ethylbenzene, o-xylene, m-xylene, and 


cyclohexane. Similar relations hold for 
other classes of compounds and lead to 
important practical generalizations (12). 
Figure 11 is a photograph showing two 
of our chemists determining the purity of 
API Standard hydrocarbons from precise 
measurements of freezing points. This ap- 
paratus and this procedure have formed 


| 
Ne 
— 


the apparatus shown here in the laboratories of the API Research Project 6 at the Carnegie Institute of Technology, 
is removed and the highly purified hydrocarbon material is sealed “in vacuum” in small glass ampoules. 


the basis of ASTM methods of test for 
evaluation of purity from measurements 
of freezing points (D 1015 and 
D 1016),*: 1° developed by Section E on 
Determination of Purity by Freezing 
Point of Research Division IV on Hy- 
drocarbon Analysis of ASTM Committee 
D-2 on Petroleum Products and Lubri- 
cants. 

Figure 12 shows the apparatus used to 
seal “in vacuum” the API Standard and 
API Research samples of hydrocarbons. 
One of these sealed-up units of the API 
Standard hydrocarbons, a sample of 1- 

® Tentative Method of Test for Measurement of Freez- 
ing Points for Evaluation of Purity (D 1015 - 49 T), 1952 
Book of ASTM Standards, Part 5, p. 444. 

10 Tentative Method of Test for Determination of Pur- 


ity from Freezing Points (D 1016-52 T), 1952 Book of 
ASTM Standards, Part 5, p. 459. 


Fic. 13.—Worth Ten Times Its Weight in Gold. 


The highly purified API Standard sample of 1-methyl- 
2-isopropylbenzene shown here is made available to the 
laboratories of the petroleum! industry at $50 for % oz. 
These samples] are used with spectrographic instruments 
to“fingerprint” hydrocarbons. From such “fingerprints,” 
the petroleum industry determines the composition of its 

roducts and uses this information in its search for better 
uels, lubricants, and other materials. 


Fic. 12.—Purity Must Be Safeguarded. 
Special precautions are used to preserve the purity of the API Standard and Research samples of hydrocarbons. 


SEANDARD 5 
1000-59 


Moths 


, _ es we: 
m= . 
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TABLE VIII.—API RESEARCH HYDROCARBONS COMPLETED AS OF JUNE 30, 1953. 


Formula Compound? Purity,® mole per cent|Source of Starting Material® 
Parafins: 
n-Pentane (A) 99.85 + 0.07 
n-Pentane (B) 99.95 + 0.04 
2-Methylbutane (isopentane) (A) 99.89 + 0.05 
2-Methylbutane (isopentane) (B) 99.95 + 0.04 
2,2-Dimethylpropane (neopentane) 99.982 + 0.012 
n-Hexane (A) 99.99 + 0.01 
n-Hexane (B) 99.985 + 0.010 
2-Met! ylpentane (A) 99.92 + 0.05 
2-Met ylpentane AS q 99.98 + 0.01 
3-Methylpentan d 99.90 + 0.08) 
2,2-Dimethy! Ibutane (A) » 99.98 + 0.01 
2,2-Dimethylbutane (B) | 99.995 + 0.005 
2,3-Dimethylbutane (A) 99.96 + 0.03 
2,3-Dimethylbutane (B) - 99.97 + 0.01 
n-Heptane 99.94 + 0.05 
n-Heptane (B) . 99.99 + 0.01 
n-Heptane (C) 99.99 + 0.01 
2-Methylhexane iG 99.82 + 0.07 
3-M ethylhexane (99.80 + 0.15) 
3- t] pen 99.94 + 0.03 
2,2-D ee 99.81 + 0.06 Socony-Vacuum 
2,3-Dimethylpent: (A) (99.80 + 0.15) General Motors 
2,3-D imethylpentane (B) (99.85 + 0.10) General Motors , 
2,4-D ee 99.88 + 0.05 APIRP6 i 
3,3-Dimethy 99.78 + 0.18 APIRP45 j 
2,2,3- -Trimethylbutane (A) 99.95 + 0.02 General Motors 
2,2,3-Trimethylbutane (B) 99.991 + 0.008 General Motors 
n-Octane 99.95 + 0.04 APIRP6 
2-Methylheptane 99.66 + 0.18 APIRP45 
3-Methylheptane 99.62 + 0.23 APIRP45 
4-Methylheptane 99.89 + 0.07 APIRP45 ' 
3-Ethylhexane (99.75 + 0.20) APIRP45 
2,2-Dimethylhexane 99.77 + 0.11 APIRP45 
2,3-Dimethylhexane 4 75 + 0.20) APIRP45 
2,4-Dimethylhexane 99.75 + 0.20) Penn State 
2,5-Dimethylhexane 99.73 + 0.09 Penn State 
3,3-Dimethylhexane 99.75 + 0.20 APIRP45 
3,4-Dimethylhexane (99.75 + 0.20) APIRP45 
2-Methyl-3-ethylpentane 99.78 + 0.11 APIRP45 
3-Meth 1-3-ethylpentane 99.93 + 0.04 APIRP45 
1ylpentane 99.68 + 0.20 General Motors 
ylpentane (A) 99.94 + 0.04 APIRP6 
ylpentane iB 99.95 + 0.04 APIRP6 
yipentane (C 99.97 + 0.02 APIRP6 
ylpentane 99.79 + 0.08 Penn State 
ylpentane 99.83 + 0.06 APIRP45 


* Aletter (B), (C), or (D) following the name of a compound indicates that it is a second, third, or fourth (and usually 


slightly purer) sample of a given compound, the first sample of which is labeled (A). 
Values in parentheses are estimated. 
© The abbreviations represent the followi 
APIRP45—American Petroleum Institute 
tom 5 State—Hydrocarbon Laboratory, Pennsylvania State College, State College, P 
APIRP6—American Petroleum Institute Research Project 6, Carnegie 


laboratories: 


esearch Project 45, Ohio State Univ., Co —— Ohio. - 


RP42—American Petroleum Institute Research Project 42, Pennsylvania State College, State College, Pa. 
Institute of Technology, Pittsburgh, Pa. 


Am. Cyanamid—American Cyanamid Co., Calco Chemical Div. -» Bound > i 
Anglo-Iranian—Anglo-Iranian Oil Co., Ltd., Research Laboratories, Sunbury-on-Thames, England. 
Atlantic—Atlantic Refining Co. Philadelphia, Pa. 
Barrett—Barrett Division of the Allied Chemical and Dye Corp., New York, N. Y 7 
Calif. Res. Corp.—California Research Corp., Richmond, Calif. 

Dow—Dow Chemical Co., Midland, Mich. 

Ethyl—Ethy] Corp., Detroit, Mich. 

General Moto: neral Motors Corp., Detroit, M 

Gulf-Mellon—Gulf Oil Co. at the of Industrial Research, Pittsburgh, Pa. 
Houdry—How Process Corp., Marcus Hook, Pa. 

Humb — Oil and Re’ ning Co., Houston, Tex. 

gg—M. W. Kellogg Co., New York, N. Y. 

to—Monsanto Chemical Co., Dayton, Ohio. 


NBS Auto Sec.—Automotive Section, a gt Bureau of Standards, Washington, D. Cc. 
Phillips—Phillips Petroleum Co. Bartlesville, Okla. 

Rubber Reserve—U. S. Office of Rubber Reserve, Washington, D. C. 
a) eee Laboratories, Paulsboro, N. J. 

Std. Oil Dev.—Standard Oil Development Co., Elizabeth, N. J. 

Std. (Ind.)—Standard Oil Co. (Indiana), Whiting, Ind. _ 

Tide Water Assn.—Tide Water Associated Oil Co., Associated, Calif. 


NACA—National Advisory Committee for Aeronautics, Flight Propulsion Research Lab., Cleveland, Ohio. 
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TABLE VIII.—Continued. 


Formula Compound® Purity,’ mole per cent|Source of Starting Material® 
n-Nonane 99.94 + 0.04 
2,2-Dimethylheptane 99.87 + 0.10 APIRP45 
2,2,3-Trimethylhexane (99.75 + 0.20) Penn State 
2,2,4-Trimethylhexane 99.75 + 0.20 Penn State 
2,2,5-Trimethylhexane 99.86 + 0.04 APIRP6 
2,3,3-Tr methyihexane 99.93 + 0.06 Penn State 

CoH 2,3,5-Trimethylhexane (99.75 + 0.20) Penn State 
2,4,4-Trimethylhexane 99.73 + 0.11 Penn State 
3,3,4-Tr methylhexane 99.87 + 0.10 
3,3-Diethylpentane 99.987 + 0.011 
2,2,3,3-Tetramethylpentane 99.940 + 0.020 
2,2,3,4-Tetramethylpentane 99.976 + 0.014 
2,2,4,4-Tetramethylpentane 99.89 + 0.08 
2,3,3,4-Tetramethylpentane 99.956 + 0.037 
Croll { n-Decane 99.977 + 0.018 APIRP6 
3,3,5-Trimethylheptane (99.85 0.10) NBS Auto Sec. 
Cul { n-Undecane 7 99.97 + 0.03 APIRP6 
icicle 2-Methyldecane 99.91 + 0.06 APIRP45 
Cul: { n-Dodecane 99.975 + 0.025 APIRP6 
2,2,4,6,6-Pentamethylheptane 99.94 + 0.04 Anglo-Iranian 
can n-Tridecane 99.92 + 0.06 APIRP42 
“ae n-Tetradecane 99.93 + 0.06 APIRP6 
n-Pentadecane 99.93 + 0.05 Penn State 
n-Hexadecane 99.96 + 0.04 APIRP6 
CisHie.......... n-Heptadecane 99.91 + 0.06 APIRP42 
eee n-Octadecane 99.90 + 0.08 APIRP6 
Alkyl 
GH. { 1,cis-2-Dimethylcyclopropane 99.91 + 0.05 APIRP45 
1,trans-2-Dimethylcyclopropane 99.77 + 0.12 APIRP45 
1,1,2-Trimethylcyclopropane 99.88 + 0.08 ‘| APIRP4S 
1,1,2,2-Tetramethylcyclopropane 99.96 + 0.03 APIRP45 
Alkyl Cyclobutanes: 
RE Ethylcyclobutane 99.92 + 0.06 APIRP45 
Cyclopentanes: 
C,H { Fe jopentane (A) J 99.971 + 0.009 APIRP45 
'yclopentane (B) 99.974 + 0.009 | Tide Water Assn. 
‘ethylcyclopentane (A) 99.91 + 0.05 Houdry _ 
CH ethylcyclopentane (B)@ 99.97 + 0.02 
‘ethylcyclopentane (C) 99.99 + 0.01 APIRP6 
ethylcyclopentane (D) 99.99 + 0.01 APIRP6 
Ethylcyclopentane (A) : 99.89 + 0.04 APIRP45 
Ethylcyclopentane (B) 99.92 + 0.04 APIRP45; Penn State 
1,1-Dimethylcyclopentane 99.97 + 0.02 Penn State 
GH 1,cis-2-Dimethylcyclopentane 99.975 + 0.016 Penn State 
1, trans-2-Dimethylcyclopentane = 99.87 + 0.10 Penn State 
7 1,cis-3-Dimethylcyclopentane 4. 99.59 + 0.23 APIRP45 
1’ trans-3-Dimethylcyclopentane (A) 99.69 + 0.07 | APIRP4S 
1,trans-3-Dimethylcyclopentane (B) 99.93 + 0.06 APIRP45 
n-Propylcyclopentane 99.81 + 0.10 APIRP45 
99.81 + 0.07 APIRP45 a 
1-Methyl-1-ethylcyclopentane 99.91 + 0.08 Penn State 
1-Methyl-cis-2-ethylcyclopentane 99.71 + 0.24 Penn State 
1,1,2-Trimethylcyclopentane 99.988 + 0.009 Penn State 
eee 1,1,3-Trimethylcyclopentane 99.56 + 0.32 APIRP45; Gulf-Mellon 
1,cis-2, cis-3-Trimethylpentane 99.93 + 0.06 Penn State 
1, trans-2, cis-3-Trimethylcyclopentane 8 99.92 + 0.04 Penn State 
1, trans-2,cis-3-Trimethylcyclopentane (B) 99.90 + 0.04 Penn State 
1, cis-2, trans-4-Trimethylcyclopentane 99.65 + 0.23 Penn State 
1, trans-2,cis-4-Trimethylcyclopentane _ 99.79 + 0.10 Penn State 
e n-Butylcyclopentane 99.970 + 0.025 APIRP45 
CoHis.......... { Isobutylcyclopentane 99.88 = 0.08 APIRP45 
CisHao..........| m-Decylcyclapentane 99.80 + 0.18 APIRP45 
Alkyl Cyclohexanes: 
CH { Cyclohexane (A) 99.997 + 0.002 Barrett - 
Cyclohexane (B) 99.991 + 0.006 APIRP6 


4 The stock of this sample has been exhausted. 
(Continued on pages 564 to 566.) 
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TABLE VIII.—Continued. 
Compound? Purity,’ mole per cent Source of Starting Material® 
Methylcyclohexane (A 99.97 + 0.02 Barrett; APIRP45 
{| (B) | 99.97 £0.02 | APIRP6 
99.90 + 0.08 APIRP45 Cu 
1,1-Dimethylcyclohexane ; 99.93 + 0.03 TRP45 Ci: 
1,cis-2-Dimethylcyclohexane 99.983 + 0.015 APIRP45 Cu 
1,trans-2-Dimethylcyclohexane 99.92 + 0.07 APIRP45 
1, cis-3-Dimethylcyclohexane 99.94 + 0.05 APIRP45 Ci 
1, trans-3-Dimethylcyclohexane 99.88 + 0.07 APIRP45 
1,cis-4-Dimethylcyclohexane 99.94 + 0.04 Std. Oil Dev. 
|| 1, trans-4-Dimethylcyclohexane 99.89 + 0.08 Std. Oil Dev. c 
4 
n-Propylcyclohexane 99.94 + 0.05 APIRP45 
Isopropylcyclohexane 99.90 + 0.07 APIRP45 
1,1,3-Trimethylcyclohexane 99.85 + 0.05 APIRP45 
n-Butylcyclohexane 99.958 + 0.039 APIRP4S Ci 
Isobutylcyclohexane 99.85 + 0.09 APIRP45 
sec-Butylcyclohexane (99.75 + 0.20) APIRP45 
tert-Butylcyclohexane 99.96 + 0.03 APIRP45 
|| 1-Methyl-cis-4-isopropylcycloh 99.87 + 0.09 APIRP45 
|| 1-Methyl-trans-4-isopropylcycloh 99197 + 0.03 | APIRP4S c 
2-Cyclohexyl-2-methylbutane (tert-pentylcyclo- | (99.85 0.10) APIRP45 
exane) 
n-Decylcyclohexane 99.88 + 0.11 APIRP45 i 
Monoolefins: 
1-Pentene (A) 99.34 + 0.40 Phillips 
1-Pentene (B) 99.82 + 0.12 Phillips c 
cis-2-Pentene (A 99.98 + 0.02 APIRP45 J 
cis-2-Pentene (B 99.96 + 0.03 Philli { 
cis-2-Pentene (C) 99.99 + 0.01 APIRP45 
trans-2-Pentene 99.93 + 0.05 APIRP45 C 
2-Methyl-1-butene 99.89 + 0.08 General Motors ; 
3-Methyl-1-butene (A) 99.78 + 0.12 Houdry 
3-Methyl-1-butene (B) 99.94 + 0.05 Phillips ( 
2-Methyl-2-butene 99.945 + 0.046 General Motors 
1-Hexene 99.87 + 0.08 APIRP45 
cis-2-Hexene 99.94 + 0.05 APIRP45 
trans-2-Hexene 99.84 + 0.11 APIRP45 
cis-3-Hexene 99.90 + 0.08 APIRP45 
trans-3-Hexene 99.95 + 0.03 APIRP45 | 
2-Methyl-1-pentene 99.86 + 0.09 APIRP6 
fs 3-Methyl-1-pentene 99.75 + 0.20 APIRP45 
4-Methyl-i-pentene 99.85 + 0.12 APIRP45 
2-Methyl-2-pentene 99.96 + 0.03 APIRP45 
3-Methyl-cis-2-pentene 99.89 + 0.08 General Motors 
3-Methyl-trans-2-pentene 99.89 + 0.09 APIRP45 
4-Methyl-cis-2-pentene 99.93 + 0.07 APIRP6 
4-Methyl-trans-2-pentene © 99.92 + 0.07 APIRP6 
2-Ethyl-1-butene 99.95 + 0.04 APIRP45; APIRP6 
,3-Dimethyl-1-butene 99.86 + 0.13 General Motors 
3,3-Dimethyl-1-butene 99.91 + 0.06 Penn State 
2,3-Dimethyl-2-butene 99.94 + 0.05 General Motors 
1-Heptene 99.84 + 0.10 APIRP45 
trans-2-Heptene 99.86 + 0.05 APIRP45 
- trans-3-Heptene 99.80 + 0.15 APIRP45 
2-Methyl-1-hexene 99.90 + 0.08 APIRP45 
4-Methyl-1-hexene 99.82 + 0.16 APIRP45 
5-Methyl-1-hexene (99.85 + 0.10) APIRP45 
2-Methyl-2-hexene 99.87 + 0.11 APIRP45 
2,3-Dimethyl-1-pentene 99.85 + 0.10 APIRP45 
4,4-Dimethyl-i-pentene 99.85 + 0.08 APIRP45 
3-Ethyl-2-pentene (99.85 + 0.10) APIRP45 
2,4-Dimethyl-2-pentene 99.88 + 0.04 APIRP45 
4,4-Dimethyl-cis-2-pentene 99.85 + 0.11 APIRP45 
4,4-Dimethyl-trans-2-pentene 99.91 + 0.03 APIRP45 
2,3,3-Trimethyl-1-butene _ 99.95 + 0.04 General Motors 
1-Octene 99.77 + 0.13 APIRP6 
trans-4-Octene 99.84 + 0.11 APIRP45 
2,3-Dimethyl-2-hexene _ 99.74 + 0.09 APIRP45 
2,2-Dimethyl-cis-3-hexene — 99.86 + 0.12 APIRP45 
2,2-Dimethyl-trans-3-hexene (99.85 + 0.10) APIRP45 
2,4,4-Trimethyl-1-pentene 99.95 + 0.03 | NBS Auto. Sec. 
2,4,4-Trimethyl-2-pentene 99.93 + 0.05 | NBS Auto. Sec. 
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TABLE VIII.—Continued. 


Formula 


Compound*, 


Purity,> mole per cent 


Source of Starting Material° 


{ 

{ 
{ 
{ 


ee 


1-Nonene 
1-Decene 
1-Undecene 
1-Dodecene 
1-Tridecene 
1-Tetradecene 
1-Pentadecene 
1-Hexadecene 


1,2-Butadiene 
1,3-Butadiene 


1,2-Pentadiene 

1,cis-3-Pentadiene 
1, trans-3-Pentadiene 
1,4-Pentadiene 
2,3-Pentadiene 
2-Methyl-1,3-butadiene (isoprene) 


1,5-Hexadiene 
2,3-Dimethyl-1, 3-butadiene 


Cyclomonoolefins: 
Cyclopentene 
Cyclohexene 


Acetylenes: 
1-Butyne (ethylacetylene) 
2-Butyne (dimethylacetylene) 


Alkyl benzenes: 
Benzene 
Benzene (B) 


Methylbenzene (toluene) (A) 
Methylbenzene (toluene) (B) 


Ethylbenzene 
Ethylbenzene (B) 

1,2-Dimethylbenzene (o-xylene) (A) 
1,2-Dimethylbenzene (o-xylene) (B) 
1,2-Dimethy (o-xylene) (C) 
1,3-Dimethy (m-xylene) (A) 
1,3-Dimethylbenzene (m-xylene) (B) 
1,3-Dimethylbenzene (m-xylene) (C) 
1,4-Dimethylbenzene (p-xylene) (A) 
1,4-Dimethylbenzene (p-xylene) (B) 


n-Propylbenzene (A) 
n-Propylbenzene (B) 
Isopropylbenzene (A) 
Isopropylbenzene (B) 
1-Methyl-2-ethylbenzene 
1-Methyl-3-ethylbenzene® 
1-Methyl-4-ethylbenzene 
1,2,3-Trimethylbenzene (A) 
1,2,3-Trimethylbenzene (B) 
1,2,4-Trimethylbenzene (A) 
1,2,4-Trimethylbenzene (B) 
1,3,5-Trimethylbenzene 


n-Butylbenzene (A) 
n-Butylbenzene (B) 
Isobutylbenzene (A) 
Isobutylbenzene (B) 
sec-Butylbenzene (A) 
sec-Butylbenzene (B) 
tert-Butylbenzene(A) 
tert-Butylbenzene (B) 
1-Methy]-2-isopropylbenzene 
1-Methyl-3-isopropylbenzene 
1-Methyl-4-isopropylbenzene 
1,2-Diethylbenzene 
1,3-Diethylbenzene (A) 
3-Diethylbenzene (B) 
-Diethylbenzene 
-Dimethyl-5-ethylbenzene 
,3,5-Tetramethylbenzene 
,4,5-Tetramethylbenzene 


4 
3 
2 
2 


8s 
os 


99.76 + 0.18 APIRP45 

99.91 + 0.07 APIRP6 

99.91 + 0.08 APIRP45 

99.91 + 0.07 IRP6 

99.85 + 0.09 APIRP42 

99.73 + 0.13 IRP6 

99.89 + 0.05 APIRP42 

99.93 + 0.06 IRP6 

99.94 + 0.05 Std. Oil Dev. 
99.92 + 0.04 Phillips 

99.79 + 0.15 Penn State 
99.93 + 0.04 Rubber Reserve 
99.97 + 0.03 Rubber Reserve 
99.94 + 0.05 APIRP45 

99.89 + 0.07 Penn State 
99.96 + 0.03 APIRP6 

99.91 + 0.08 Penn State 
99.96 + 0.03 Penn State 


Atlantic; APIRP45 
APIRP6 


99.90 + 0.07 APIRP45 

99.959 + 0.038 | APIRP4S 7 
99.963 + 0.020 APIRP6 

99.983 + 0.015 APIRP6 

99.95 + 0.03 - Humble 

99.97 + 0.02 Humble 

99.93 + 0.05 Monsanto 
99.972 + 0.020 APIRP6 

99.987 + 0.012 Std. Oil Dev. 
99.992 + 0.006 Std. Oil Dev. 
99.995 + 0.004 Calif. Res. Corp. 
99.85 + 0.05 IRP45 

99.96 + 0.03 APIRP6 

99.96 + 0.03 Calif. Res. Corp. 
99.97 + 0.02 APIRP45 

99.98 + 0.02 Calif. Res. Corp 
99.71 + 0.08 Dow 

99.80 + 0.08 APIRP6 

99.96 + 0.03 Monsanto 

99.96 + 0.03 Atlantic 

99.76 + 0.07 APIRP45 

99.77 + 0.15 APIRP45 

99.94 + 0.03 CA 

99.80 + 0.04 APIRP6 

99.990 + 0.009 APIRP45 

99.68 + 0.20 APIRP6 

99.70 + 0.20 NACA 

99.96 + 0.02 APIRP45 

99.91 + 0.08 APIRP45 

99.91 + 0.08 NACA 

99.86 + 0.09 APIRP45 

99.88 + 0.09 NACA 

99.69 + 0.06 APIRP45 

99.93 + 0.06 NACA 

99.95 + 0.03 APIRP45 

99.94 + 0.03 ACA 7 
99.94 + 0.04 APIRP45 

99.944 + 0.038 Atlantic 

99.98 + 0.02 APIRP45; NACA 
99.97 + 0.03 NACA 

99.92 + 0.04 Dow 

99.95 + 0.04 NACA; APIRP45 
99.977 + 0.020 NACA 

99.92 + 0.06 NACA 

99.98 + 0.02 APIRP45 

99.92 + 0.04 Humble 


€ The stock of this sample has been exhausted. A new sample is in process of preparation. 


(Continued on page 566.) 
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TABLE VIII.—Concluded. 


Formula Compond* Purity,® mole per cent/Source of Starting Material® 
2-Phenyl-2-methylbutane (tert-pentylbenzene) (99.85 + 0.10) APIRP45 
CuHiis......... 1-Methyl-3-tert-butylbenzene 99.93 + 0.05 NACA 
1-Methyl-4-tert-butylbenzene 7 99.96 + 0.03 NACA 
00000050 1,4-Diisopropylbenzene 99.98 0.02 Atlantic 
n-Decylbenzene 99.88 + 0.10 APIRP45 
Dicyclopar al 
GH { cis- exahy ~ * Hydrindan) 99.95 + 0.02 APIRP45 
trans-Hexahydroindan (trans-Hydrindan) 99.71 + 0.11 APIRP45 
Cyclopentylcyclopentan 99.96 + 0.03 APIRP45 
Cult cis-Decahydronaphthalene (cis-bicyclo[4.4.0]de- 99.93 + 0.05 APIRP6 i 
cane 
” trans- maphthalene (trans-bicyclo- 99.97 + 0.03 APIRP6 
[4.4.0]decane) 
99.96 + 0.03 | Am. Cyanamid 
aphthalene x + 0. . Cyanami 
CioHs.......... { Naphthalene (B 99.97 + 0.03 | Am. Cyanamid 
{| 99.97 40.02 | APIRP6 
Mis 
(4-vinyl-1-cyclohexene) 99.91 + 0.07 APIRP6 
..| Ethenylcyclohexane 99.95 + 0.04 APIRP45 
..| 2,3-Dihydroindene (In 99.98 + 0.02 APIRP45 
1,2,3,4-Tetrahydronaphthalene 99.93 + 0.06 APIRP6 


TABLE 1X.—SUMMARY OF API RESEARCH HYDROCARBONS AS OF JUNE 30, 1953. 


Number of Carbon Atoms per Molecule 


Total 


Class of Compounds 


12| 13 | 14 


1s | 16 | 17 | 18 


Number of Different Compounds 


1 1 1 1 1 1/1 1 1 1 1 1 1 1 14 

4] 8] 16) 13 1/1 1 46 

2 1 1 4 

1 1 

1 1] 6) 10] 1 21 

1 1 3] 6/1 1 21 

6/17|14| 7 1 a4 1 1 1 1 1 52 

$i si 3 10 

Cyclomonoolefins. ... 2 
Acetylenes...... 2 2 
yl benzenes 1 1] 4] 8] 13} 3 1 1 32 
Dicycloparafiins. 2) 3 5 
Dinuclear aromatics. “ 1| 2 3 
| 4 | 19 30| 32} 9] | 217 


methyl-2-isopropylbenzene, 99.94 mole 
per cent pure, is shown in Fig. 13. 

A list of the 217 API Research hydro- 
carbons completed as of June 30, 1953, is 
presented in Table VIII. The API Re- 
search samples are available for loan to 
qualified investigators for the measure- 
ment of needed physical, thermody- 
namic, and spectral properties. Table [IX 
summarizes these API Research hydro- 


carbons by type and number of carbon 
atoms. The number of API Standard hy- 


drocarbons completed as of June 30, 1953, 


is 215, the same compounds as in Table 
VIII except for 1,1,2-trimethylcyclo- 
propane and ethylcyclobutane. The API 
Standard hydrocarbons are available for 
purchase by the laboratories of the in- 
dustry. 

Figure 14 shows the apparatus used by 


th 
in 
— 


the API Research Project 6 for measur- 
ing densities and boiling points and va- 


por pressures. 
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bons and related compounds in the form 
of tables of selected values of physical 
and thermodynamic properties, and 


Fic. 14.—Exact Measurements Serve the Petroleum Industry. 


_ A knowledge of the properties and behavior of hydrocarbons (the “‘building blocks” of petroleum) is needed by the 
scientists and engineers for the design of plants and the development and operation of processes. The two apparatuses 
shown here in the laboratories of the API Research Project 6 at the Carnegie Institute of Technology are for making ac- 
curate measurements of density (at the left) and boiling points and vapor pressures (at the right). 


API ResEarcu Project 44 


The investigations of the API Re- 
search Project 44 are aimed to make 
available to the laboratories of the petro- 
leum industry, and to the technical world 
in general, all of the data on hydrocar- 


catalogs of infrared, ultraviolet, Raman, 
and mass spectral data. 

The entire available data are examined, 
appraised, and correlated. Original calcu- 
lations are made, as necessary. “Best” 
values are selected. The data are put into 
useful form and distributed nationally 


al¢ 


and internationally to the free world. De- 
scriptions of the original methods and 
calculations are published in scientific 
journals. And, finally, the tables of phys- 
ical and thermodynamic properties are 
: =—— up to date by revision at ap- 
propriate intervals. 


Temperoture, deg Cent 
200 400 600 800 1000 1200 


Mole Fraction 


© 400 800 1200 1600 2000 2400 
Temperoture, deg Fohr 


Fic. 15.—Relative Amounts of the Four Cs, 
Aromatic Hydrocarbons at Thermodynamic 
Equilibrium in the Gas Phase at Different Tem- 
peratures. 


The relative amount of any one component is meas- 
ured by the vertical width of its band at the given tem- 
perature. 


One of the complications arising in the 
work on hydrocarbons is the existence of 
so many isomers. For example, there are 
35 different nonanes, CyHx , and 75 dif- 
ferent decanes, CiH22. Some of the 
isomers have widely differing properties. 

By means of suitable correlations of 
properties with molecular structure, it is 
possible to obtain reliable values of 
properties for compounds that have 
never yet been prepared in any labora- 
_ tory. Appropriate correlations with tem- 
_ perature (or presssure) serve to yield 
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values for temperatures (or pressures) 
not before measured. 

Figure 15 shows a chart derived from 
the thermodynamic data compiled by 
the API Research Project 44. This chart 
shows the relative amounts of each of the 
four Cs alkyl benzenes at thermodynamic 
equilibrium in the gas phase at different 
temperatures. The compounds included 
in the chart are ethylbenzene (a com- 
ponent for synthetic rubber), p-xylene 
(a component for synthetic fibers), o0- 
xylene (used for making phthalic an- 
hydride), and m-xylene. The vertical 
width of a band gives the relative 
amount of that isomer at equilibrium at 
the given temperature. The predictions 
made by this chart as to the amounts of 
the Cg aromatics produced in our modern 
catalytic cracking processes have been 
amply verified by experience. 

Consider, briefly, the thermodynamic 
equilibrium between m-xylene, with the 
two methy] groups on the benzene ring in 
the 1 and 3 positions, and p-xylene, with 
the two methyl groups on the benzene 
ring in the 1 and 4 positions: 


CsHo (gas, m-xylene) = CsHw (gas, p-xylene) 


The equilibrium constant, K, for this re- 
action is the ratio of the concentration or 
partial pressure of p-xylene to that of m- 
xylene: 
p-xylene 

P. m-xy lene 
But from chemical thermodynamics, we 
know that 


= —RTInK 
and 


AF° = — TAS° 

where, for any given process or reaction, 
AF?° is the standard change in free energy, 
AH” is the standard change in heat con- 
tent or enthalpy, and AS° is the standard 
change in entropy (11). Combination of 


15. 


| 3 
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the last two equations, with elimination 


of AF®, yields 


AH 
T 


or, writing K explicitly, 
K= 


X.—SUMMARY OF THE INDIVIDUAL 


TAB 
COMPOUNDS IN THE TA 
THERMODYNAMIC PROPERTIES OF 


BLES OF PHYSICAL AND 
THE AP 


RESEARCH PROJECT 44 AS OF JUNE 30, 1953. 
of In- 
Class of Compounds, from Title 
‘om- 
pounds 
eee O, H, N, C 4 
O: , , OH, H20, Nz, NO, C, 9 
CO, COs 
Paraffins, C; to Cs 
2........| Paraffins, Ce and C7 14 
Paraffins, 18 
4........| Paraffins, Co 35 
Pkeesne Alkyl benzenes, Ce to Co 14 
Alkyl cyclopentanes, Cs to 8 
Alkyl cyclohexanes, ce to 10 
8........| Monoolefins, Cs to 29 
eee Monoolefins, Cz 36 
Monoolefins, Cs 92 
ee Diolefins, C3 to Cs 32 
Acetylenes, C2 to Cs 7 
yt and Co 7 
14........| Alkyl benzenes, Cio. 22 
Alkyl Cs 15 
araflins, 75 
18........| Alkyl cyclop entenes, Cs to Cz 17 
| eee Alkyl cyclohexenes, Ce to Cs 22 
Normal! paraffins, Ci to Cao 40 
SX Normal alkyl benzenes, Ce to Cae 37 
alkyl cyclopentanes, Cs 37 
alkyl cyclohexanes, C¢ to 37 
42 
monoolefins (1-Alkenes), 39 
2 to Cro 
Normal acetylenes (1-Alkynes), 39 
Cz to Cao 
26........| Alkyl benzenes, Cu 51 
Naphthalenes, Cio to 15 
Tetrahydronaphthalenes, Cio to 31 
Decahy dronaphthalenes Cy to 68 
12 
1-Normal alkyl napkthalenes, Cio 13 
to Cee 
| 2-Normal alkyl naphthalenes, Cio 13 
to 
1-n-Alkanethiols, Ci to Cao 20 
2-Alkanethiols, Cs to Cao 18 
Alkanethiols, C; to Cs 16 
Alkyl benzenethiols, Cs to Cs 13 
5 2-n-Thiaalkanes, C2 to Cao 19 
C2 to Cs 11 
ee Thiaalkanes, Ce 14 
| | (1- thiaalkyl) benzenes, Cz 5 
Seer | Alkyl (a thiaalkyl) benzenes, Co 14 
| Alkyl thiacyclopropanes, C2 to Ca 6 
aes | Alkyl thiacyclopentanes, C4 to Ce 15 
| Alkyl thiacyclohexanes, Cs to C7 22 
RS | Alkyl thiophenes, Cs to Ce 9 
eS | Alkyl thiophenes, Cz 12 
Number of duplications............ rene 58 
Total number of different individual com wills 


The equilibrium constant thus be- 
comes expressed as the product of two 


terms, one of which calls for minimum 
heat content or approximately energy, 
and the other maximum entropy. Mini- 
mum energy arises in a molecule when its 
atoms are put together in such a way that 
the atoms are bound together most 
strongly, leading to maximum security. 
Maximum entropy arises for a molecule 


when its 


atoms are put together in a way 


such that the molecule has the maximum 


TABLE 
MERICAL 
HEETS 


SHE PHY 
yin OF THE API RES 


XI.—SUMMARY OF INDIVIDUAL NU- 
IN THE LOOSE-LEAF DATA 


F JUNE 30, 1953. 
Number 
of In- 
Letter dividual 
Designa- | Properties for Which Values Are | Numerical 
tion of Tabulated Entries 
Tables for All 
Com- 
pounds 
@. .| Values of constants 77 
Conversion factors: 421 
7. Useful equations with numerical 11 
constants 
Molecular weights 6 318 
Boiling point, dt/dp, refractive 6 009 
a density, and freezing 
Bolling point, dt/dp, refractive 10 
density, and freezing 
Molecular volume, molecular re- 8 648 
fraction, specific refraction, re- 
fractivity intercept, and specific 
dispersion 
Viscesity (absolute) 3 070 
Kinematic viscosity 2 752 
Kinematic viscosity 3073 
eae Density 1 276 
da-E....... Density 2 226 
Surface tension 824 
Critical pressure, 1 000 
density, volume, and compressi- 
bility factor 
k.........| Vapor pressures and boiling points’ 7 486 
k-E. ..| Vapor pressures and boiling points} 11 956 
Heat and entropy of vaporization 1 046 
Heat of combustion 2 268 
Rinchecvnen Energy of formation, entropy, and 990 
free energy of vaporization 
Standard heat, entropy, and free 202 
energy of vaporization 
Diaévsacees Heat energy function 3 985 
Free energy function 4 001 
Entropy 3 981 
Dinscenccn Heat content 3 985 
uwE...... Heat content 6 830 
Heat content 3 651 
Po Heat capacity 3 985 
ee Heat capacity 6 824 
Heat capacity 3 648 
Heat of formation 3 797 
z. Free energy of formation 3 811 
Logarithm of equilibrium con- 3 807 
| __stant of formation 
Re Heat and entropy of fusion, freez- 868 
| ing points, and cryoscopic con- | 
| stants | 
| 123, 311 
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TABLE XII. v-s OF THE STATUS OF 
THE CATALOG OF INFRARED SPECTRAL DATA 
4 tt API RESEARCH PROJECT 44 AS OF JUNE 

, 1953. 


TABLE XIII.—SUMMARY OF THE STATUS OF 
THE CATALOG OF ULTRAVIOLET SPECTRAL 
jONE ie API RESEARCH PROJECT 44 AS OF 


Noumper anv Kinps oF SHEETS IN THE CATALOG 


NumsBer AnD Kinps or SHEETS IN THE CATALOG 


of 
Sheets 
- Total number of contributions of spectral 

Descriptions of spectral equipmen 
Title as 95 
1577 


NuMBER AND Kinps oF CoMPOUNDS IN THE CATALOG 


Number of 
Different 

Compounds 
Hydrocarbon compounds, C; to ce. 374 
Hydrocarbon compounds, over Czo.. 70 
Total hydrocarbon compounds........... 444 
Compounds of F, Ci, 98 
Compounds of 22 
Compounds of S, C, eee 108 
8 
Total nonhydrocarbon compounds........ 301 
745 


TABLE XIV. THE OF 

THE CATALOG OF RAMAN SPECTRAL DATA OF 
= API RESEARCH PROJECT 44 AS OF JUNE 30, 
1953. 


and Kinps or SHEETS IN THE CATALOG 


Number of 
Sheets 

Total number of contributions of spectral si 
cones 

Descriptions of apparatus and experimental 


Numser AND Kinds oF CoMPOUNDS IN THE CATALOG 


Number of 
Different 

Compounds 
Hydrocarbon compounds, C; to Cyo......... 87 
Hydrocarbon compounds, over Ca.......... 0 
Total hydrocarbon compounds........... 87 
Compounds containing noC 2 
Compounds of O, C, etc....... 55 
Compounds of F, ci, ‘Br 1, etc 52 
Compounds of N, 1 
Compounds of S, "C, = 14 
Total nonhydrocarbon compounds........ 124 


Total number of contributions of spectral 
data 


NumBer AnD Kinps or Compounns IN THE CATALOG 


Number of 
Different 

Compounds 
Hydrocarbon compounds, C; to Cyo......... 150 
Hy compounds, over Coo. 25 
Total hydrocarbon compounds. . . 175 
Compounds containing 0 
Compounds of O, C, etc............ 61 
Compounds o! Gl, I, C, ete.. 20 
2 
Total nonhydrocarbon compounds........ 191 
366 


TABLE XV.—SUMMARY OF THE STATUS OF 
THE CATALOG OF MASS SPECTRAL DATA OF 
om API RESEARCH PROJECT 44 AS OF JUNE 30, 


NumBer AND Kinps oF SHEETS IN THE CATALOG 


Number of 
Sheets 

by number of contributions of spectral 
Descriptions of apparatus and experimental 

procedure....... 15 
Explanatory text. . 1 

1019 


NuMBER AND Kinps or CoMPOUNDS IN THE CATALOG 


Number of 

Different 

Compounds 
compounds, C; to Ca......... 376 
‘bon compounds, over Ca. ........ 63 
Total hydrocarbon compounds........... 439 
Compounds Lag il 
Compounds of F c ‘Br i C, etc.. 68 
Compounds of N,C C, etc.. 40 
Compounds of §S, C, etc. 63 
5 
Total nonhydrocarbon compounds. ....... 315 


| 
Number of 
Sheets 
and index 42 Uni 
xplanatory text In d 
or 
J 588 Gon 
T 
ht 
Au 
Be 
Br 
Ca 
De 
Fr 
Gr 
Ini 
Ire 
Is 
It 
Ne 
Ne 
Ni 
PI 
So 
Sv 
Sv 
= Y 
- 

Cc 
‘otal compounds... 
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TABLE XVI.—DISTRIBUTION OF LOOSE-LEAF DATA SHEETS OF THE API parece PROJECT 
44 TO GRATIS RECIPIENTS IN THE UNITED STATES AS OF JULY 1, 1953 


| Number of Sets 
Monies 
; ituti Ph 1 
Kinds of Institutions Institu- 1 | Phys Ultra. 
tions Recipients Spectral | | Spectral | Spectral | Total 
| dynamic} Data | “FSS ata ata 

Universities......... 140 216 185 160 150 135 124 754 

Independent libraries 5 5 4 5 5 4 4 22 

Non-profit research . 15 15 13 13 12 12 10 60 

CS EES 65 71 56 55 50 38 39 238 

MES thintncencccebavensten | 225 307 258 233 217 189 177 1074 


TABLE tr —DISTRIBUTION OF LOOSE-LEAF DATA SHEETS OF THE API RESEARCH St 
44 TO GR — RECIPIENTS ABROAD, INCLUDING UNIVERSITIES, NON-PROFIT RESEAR 
STITUTIONS, AND GOVERNMENT INSTITUTIONS, AS OF JULY 1, 1953 


Number of Sets 
of In- | Physical 
Country dividual Infrared Raman Mass 
tions Recipients) Thermo- 1 | Spectral | Spectral | Total 
dynamic ta a Data ata 
Properties 
Anglo-Egyptian Sudan........ 1 1 1 1 1 1 1 5 
Argentina...............se000s 2 2 2 2 2 2 2 10 
6 8 8 8 5 34 
Es upivevzinnicannaenned 3 6 7 6 6 7 4 27 
2 2 1 1 1 1 1 5 
REESE: 8 11 7 8 7 6 10 38 
2 2 2 2 2 2 1 
SRR ee 8 8 7 7 6 4 5 29 
eee 10 ll 9 7 7 7 7 37 
SEs avveccvassvoonee 31 45 34 35 33 30 28 160 
ndia 10 10 9 8 7 7 7 38 
Ireland 2 2 2 2 2 2 2 10 
Israel 1 1 1 1 1 1 1 5 
Italy.. 4 4 + 4 4 4 4 20° 
Japan. 5 5 3 3 3 3 4 16 
Lebanon . 1 1 1 1 1 3 
Netherlands 7 8 7 8 8 7 6 36 
ah = 3 3 2 3 3 3 1 12 
2 2 2 2 1 1 1 7 
Pal ppine 1 1 1 
uth Af 3 3 2 2 2 2 3 
Spain 5 5 4 4 3 4 3 18 
6 6 6 4 5 3 3 21 
4 5 5 4 4 4 21 
1 1 1 ul 
NY vice sccnnciowesnruweeeen 128 156 127 124 117 103 103 | 574 


number of states of existence, leading to 
maximum freedom. We see then that in 
every chemical process the state of 
equilibrium is a compromise between 
these two more or less opposing tenden- 
cies, toward maximum security on the 
one hand and maximum freedom on the 
other. 

The 1030 hydrocarbons and related 
compounds for which values of physical 
and thermodynamic properties are given 


in the tables of the API Research Project 
44 as of June 30, 1953, are listed in 
Table X by groups. 

Table XI summarizes the properties 
for which values are given in the tables 
of the API Research Project 44 as of 
June 30, 1953, when the tables contained 
123,311 individual numerical entries. 

Values for P-V-T and related proper- 
ties are being investigated and will ap- 
pear in the tables in the near future. 
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Fic. 16.—Location of Institutions in the United States Receiving Loose-Leaf Data Sheets of 
the API Research Project 44 on a Gratis Basis. 


Fic. 17.—Location of Institutions in the Free World Receiving Loose Leaf Data Sheets of 
the API Research Project 44 on a Gratis Basis. 
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Fic. 18.—Staff of the API Research Project 44, on August 26, 1952. 
Back row: Raith J. Pallan, Norman A. Leister, Shui-Shen Hu, mene J. Ries, Kun Li, Frederick D. Rossini 
Lawrence N. Canja: 
Middle row: Rita M. Braun, Janet Mitchell, Evelyn V. Gianni, Shirlee J. Ploeger 
Front row: Louise A. Parcella, Phyllis A. Cowie; Marcella M. Prusak, Sara M. “Spoltore, Mary C. Hinman 


Fic. 19.—Staff of the API Research Project 6, on August 1, 1952 
Back row: Frank V. Pleasant, Anton J. Streiff, Beveridge J. Mair, Frederick D. Rossini, David L. Camin, Ned 
C. Krouskop, and Norman A. Leister 
Middle row: Speros D. Mandamadiotis, Lillian C. Janicik, Mary C. Hinman, Shirlee J. Ploeger, M. Elizabeth 
Janes, Marcella Prushak, and William J. Marculaitis 
Front row: Wilm E. Donath, Albert Berkovitz, Frederick A. _ David meaetite and Clyde A. Weber 
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Tables XII to XV give summaries of 
_ the status of the various catalogs of spec- 
: - tral data of the API Research Project 44 

as of June 30, 1953. Contributions to 
these catalogs have been made by lab- 
_ oratories of the petroleum industry, gov- 
ernment, and schools. Forty-three dif- 
- ferent laboratories contributed to the 
_ infrared, 32 to the ultraviolet, 9 to the 
- Raman, and 18 to the mass spectral data 
catalogs. 

The distribution of loose-leaf data 
sheets of the API Research Project 44 to 
_ gratis recipients in the United States and 
abroad, as of July 1, 1953, is shown in 
Tables XVI and XVII, respectively. 

Figure 16 shows graphically the loca- 
tion of the gratis recipients of the loose- 
leaf data sheets of the API Research 
Project 44 in the continental United 
- States, including universities, libraries, 
non-profit research institutions, and gov- 
ernment laboratories, as of July 1, 1953. 

Figure 17 shows graphically the loca- 
tion of the gratis recipients of the loose- 
leaf data sheets of the API Research 
Project 44 in the world outside the conti- 
nental United States, including universi- 
ties, non-profit research institutions, and 
government laboratories, as of July 1, 


1953, 
CONCLUSION 


More than 400 man-years of work have 
gone into the API Research Projects 6 
and 44. Many research investigators and 
assistants have come into the work and 
graduated from it. The accomplishments 
are due in large part to the coordinated 
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team work of the staff. While I cannot 
here give adequate acknowledgment to 
all those who have contributed to the 
work, I am glad to present the recent 
staff. Figures 18 and 19 are photographs 
of the staff of the API Research Pro- 
jects 44 and 6, respectively, as of last 
fall. Those who were absent when these 
pictures were taken, or who have since 
joined the staff, include the following: 
Lawrence H. Schultz, Aura Raspaldo 
Hulme, Mary Ellen Cristina, John B. 
Greenshields, Monty J. Montjar, Arthur 
Pignocco, Shirley McIlree Butt, Kathryn 
Chieffalo, and James R. Ward. 

More than 400 man-years of work have 
gone into the API Research Projects 6 
and 44, Many research investigators and 
assistants have come into the work and 
have been graduated from it, and the ac- 
complishments are due in large part to 
the coordinated teamwork of this staff. 

I would like to close my talk with 
several simple statements concerning re- 
search: 

Scientific research is one of the most 
important endeavors in our present-day 
civilization. By its very nature, research 
cannot be planned in advance with the 
precision of a process for mass produc- 
tion. The greatest fascination of research 
lies in the work on the frontiers of science, 
where investigators are probing into 
what is for man the unknown. Here are 
discovered the facts and laws of Nature, 
some expected and others wholly unex- 
pected, as laid down in such beautifully 
— patterns by our God, the nooner 
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Tue GILLETT MEMORIAL 
LECTURE is sponsored jointly by the American Society for | 
Testing Materials and Battelle Memorial Institute in com- _ 
memoration of Horace W. Gillett, the subjects of the Lectures _ 


to pertain to the development, testing, evaluation, and appli- 


cation of metals. 
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I MICROMETALLURGY—THE METALLURGY OF MINUTE 
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The preparation and presentation of 
this Second Gillett Memorial Lecture has 
deep connotations. Not only are distinc- 
tion and honor represented but signifi- 
cantly a great measure of responsibility. 
I sense this responsibility as much be- 
cause the invitation comes from two great 
institutions as from my deep respect for 
Dr. Gillett both as a man and as a tech- 
nologist. The fact that I have had per- 
sonal contact with certain of his accom- 
plishments adds interest and enjoyment 
to the whole. 

N. L. Mochel covered so ably and so 
thoroughly in the First Lecture the qual- 
ities of the man, the nature and volume 
of his contributions to metallurgical sci- 
ence and metallurgical practice that it 
may seem improper or superfluous to add 
to this story. Perhaps, however, I shall 
ultimately be forgiven for a few additions 
in view of my association with them and 
moreover the connection between one of 
them and the subject matter of this lec- 
ture. 

From the personal side, a large propor- 
tion of this audience knew of Dr. Gillett’s 
interest in dogs and in his dogs in par- 
ticular, but it should not go unrecorded 
that his Christmas cards always carried 


1 Presented at the ¥-* -sixth faves Meeting of the 
Society June 30, 1953, Atlantic City, N 
- a President, Vanadium Corporation of America, 
ew York 
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a canine flavor, always the Gillett dogs, 
often Gillett photographs, and almost al- 
ways Gillett poetry. No doubt some of 
you, heartened even as I was by these bits 
of originality, will remember my favorite— 
just a single photograph showing Gil with 
a soft hat drawn down over his face, the 
dog with paws on his shoulder nuzzling 
under the hat, and the caption “I am 
telling my master (he’s the guy under 
the hat) to wish you a Merry Xmas and 
a Happy New Year for both of us” signed 
“Flash” Gillett. How characteristic also 
of Gil’s writing, not only in personal mes- 
sages but even when dealing with a 
“highbrow” subject. 

It was my great good fortune to have 
known the man whose memory we honor 
today since the very early twenties. A 
small group was at that time organized 
in Washington as the Metals Specifica- 
tions Board, later to become the nucleus 
of the Federal Specifications Board. Dr. 
Gillett came from the U. S. Bureau of 
Mines Station at Ithaca to attend its 
meetings. His comments, cheerfully given 
yet often blunt and incisive, at times left 
both chairman and secretary somewhat 
aghast. Just a few years later he becume 
a Washington resident, and it was not 
long thereafter that I learned to respect 
his ability to scan quickly a mass of scat- 
tered or only partly related data and, 


like his dogs, scent the most profitable 
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direction of further attack upon the prob- 
lem in hand. Later, this ability developed 


_ into a strong liking, perhaps even a pas- 


sion, for a type of metallurgical research 
to which I shall shortly refer. 

This Washington activity lasted only 
five years, but for some of us it meant 
contact for only four, as between 1928 
and 1929 four close associates in the met- 
allurgical field took up other activities— 
in reverse chronological order Dr. Gillett, 
the late P. E. McKinney, H. J. French, 
and I. How well I remember a meeting 
in 1929 of the Washington Chapter of 
the then American Society for Steel 
Treating, shortly following this exodus 
and called the “Four Horsemen Meet- 
ting,” at which for obvious reasons steel- 
making alloys were discussed and Dr. 
Gillett, still enthusiastic over the publi- 
cation of the manuscript (with the late 
E. L. Mack) of “Molybdenum, Cerium, 
and Related Alloy Steels,” (1)* held forth 
for molybdenum. Despite my new as- 
sociation, and hence discussion of another 
element, I could not restrain some sym- 
pathetic response in view of participa- 
tion in some of the tests recorded in that 
volume. 

It was in the same year that, in my 
office, the late F. M. Turner, Jr., of the 
then Chemical Catalog Co. advanced the 
idea of a new periodical on metallurgy to 
the late Dr. B. D. Saklatwalla and me. 
After discussion of coverage, came the 
query of who could best undertake edi- 
torial direction. The answer was prompt 
and unanimous. There was only the ques- 
tion as to whether, with his new respon- 
sibilities, Dr. Gillett could and would. 
You all know that he did. 

In these few historical notes, mention 
has been made of Dr. Gillett’s invariably 
quick grasp of the relation between nu- 
merous data and concepts dealing with 


* The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 594. 


either specific problems or broad subjects 
and of his keen interest in delving into 
source material, critically evaluating it, 
and setting forth in written form the sig- 
nificant aspects of some metallurgical 
facet that at the moment had great im- 
portance or special and specific interest. 
The subjects he chose, appearing in Met- 
als and Alloys as “Critical Abstracts” 
attracted wide attention, for they 
touched upon problems common to large 
segments of the profession; likewise did 
his treatment of these subjects bring in- 
formation and assistance, recognized and 
acknowledged by great numbers of his 
audience. 

It was in 1949, following the realization 
that published data on the corrosion re- 
sistance of very-low-carbon austenitic 
corrosion-resistant steels presented sharp 
disagreements and had led to widely 
varying opinions as to their probable per- 
formance, that Committee A-10 of this 
Society conducted a symposium, ar- 
ranged by F. L. LaQue, in an effort to 
clarify these disagreements and point to 
accepted knowledge and the features on 
which precise data were lacking. It was 
my privilege to request Dr. Gillett to pre- 
pare the opening paper for that meeting 
and in it to present critically the state of 
published material up to that moment. 
He responded immediately and in the 
affirmative, but, greatly to be regretted, 
he was to prepare no more constructively 
suggestive digests of this kind. 

It is my intent today to review and to 
comment upon the growing number of 
major effects upon metals and alloys re- 
sulting from or associated with minute 
changes in composition, both additive 
and the reverse, many of them dealing 
with quantities of a minor element ever 
so much smaller than the content of car- 
bon in the steels forming the subject of 
the controversy in which Dr. Gillett’s 
last paper served so useful a purpose. 
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Not that many of you are not well ac- 
quainted with some of them, hut it is 
my hope that bringing a large number of 
them to your attention simultaneously 
and treating at least some in a critical 
fashion, may stimulate others to extend 
further our knowledge of these most in- 
teresting phenomena. The scope of this 
abstract—and I hope that it may ap- 
proach in quality and value the “Critical 
Abstracts” that we so greatly miss—can 
range across the full field of metallurgical 
practice, for such is the scope of this So- 
ciety’s interests and was the scope of 
Dr. Gillett’s interests and of Battelle 
Memorial Institute which he launched 
on its eminent path. 

This is by no means the first occasion 
on which the influence on metals and 
alloys of small additions of other metals 
or other elements has been reviewed, but 
T believe it to be the first devoted entirely 
to exceedingly small percentages over a 
very broad range of metallurgical experi- 
mentation and practice. The subject is 
brought to the fore by two striking in- 
stances—the behavior of certain semi- 
conductors that have led to the develop- 
ment of the transistor, now effecting 
major changes in the communications in- 
dustry, and the development of steels 
treated with boron-containing alloys that 
have taken and will retain their place in 
the steel industry and which at the mo- 
ment, due only in part to shortages of 
some of the conventional alloying ele- 
ments, account for 10 per cent of the 
total alloy steel production of the United 
States. But there are many other ex- 
amples, more or less related, possessing 
more or less industrial importance, some 
old, some new. 

Of course, everyone whose activities 
either touch upon or are deeply immersed 
in the metallurgical industry can bring 
forth, without a moment of hesitation, 
illustrations of the damaging effects of 
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very minor amounts of impurities on the 
characteristics of metals and alloys. The 
list of undesirables would include gases, 
non-metals, and also metals. I propose 
not to discuss this phase of a very broad 
subject although it is difficult to avoid it 
in view of the fact that many enhance- 
ments of properties may (when the mech- 
anisms are clear) merely mean that these 
“impurities,” if such they be, have been 
removed, or rendered innoccuous, or con- 
verted to useful forms by the addition 
of other substances in amounts of the 
same order of magnitude. Essentially I 
shall treat of beneficial additions, even 
though, with in many cases the mecha- 
nisms of their behavior in doubt at the 
moment, they are regarded by some in 
the nature of correctives for the detri- 
mental behavior of other elements. Use 
obviously dictates required properties 
and one cannot overlook that qualities 
damaging to one application are greatly 
desired for another. When the purposes 
are different, an intolerable curse at one 
level of content may convert to a rare 
blessing at another; well recognized ex- 
amples are sulfur and phosphorus in some 
steels (2,3,4,5). 

Reverting to the older examples of 
very small additions, one is reminded of 
the effects of advances in the prepara- 
tion of metals of high purity. 

Copper is among the metals once re- 
garded as readily obtainable commer- 
cially in very “pure” form. When in 1913 
the International Annealed Copper 
Standard was established, the commer- 
cially pure copper that it described, 
which was everywhere available, carried 
slightly in excess of 99.9 per cent copper. 
Metal of higher purity (close to but not 
quite reaching 99.99 per cent) had been 
prepared to yield conductivity values 
somewhat over 101 per cent of this 
standard. Today’s commercial product, 


_ if, oxygen-free, approaches this purity or, 


with oxygen present, is not far below. 


From the beginning there were con- 
siderable data on the effects of the addi- 
tion of numerous elements upon this 
prime property—conductivity. One re- 
sult was the purposeful incorporation of 
silver to a total of at least 0.05 per cent 
to increase the softening temperature of 
the metal without adversely affecting 
conductivity, thus meeting the demand 
for resistance to deformation at moder- 
ately elevated temperature in a number 
of applications. Only in the last 10 or 15 
years has this early knowledge under- 
gone revision and the precise new infor- 
mation, springing from experimental pro- 
duction of metal of “super-purity” and the 
application of new methods of measure- 
ment and control, opened a vista of new 
means to achieve an old objective. With 
this metal of 99.999+ per cent purity and 
the very high conductivity of 102.3 per 
cent, came the opportunity to explore far 
smaller amounts of addition agents than 
were previously determinable and con- 
trollable (7) and to demonstrate that 
raising the softening temperature of this 
very high purity copper from below 140C 
to well over 300C might be accomplished 
with thousandths, or at most a few hun- 
dredths, of one per cent of less costly 
metals. Antimony at about 0.006 or 0.007 
per cent, tellurium at 0.005 per cent, 
selenium at 0.010 per cent, phosphorus at 
0.020 per cent, tin at 0.010 per cent or 
cadmium at about the same level—each 
could contribute the desired high soften- 
ing temperature without significantly im- 
pairing that property—conductivity (8, 
9). One may properly ask when we shall 
expect an effect on practice and on speci- 
fications. To be sure, the presence of 
oxygen in these “alloys,” if they may 
properly be so designated, is important 
in relation to both properties and fabrica- 
tion (9), but the significance lies in the 
demonstration that the job can be done 
and additions once regarded as of in- 
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different or damaging propensities may 
now be usefully employed. Such are the 
upsets that result from progress in science 
and technology. 

Whether it precisely fits the declared 
scope of this review may be fittingly 
questioned, but a statement on the deoxi- 
dation of copper and copper-rich alloys 
need not be lengthy. The metal has been 
effectively deoxided by phosphorus and 
by calcium-boron alloy, the additions 
amounting to a few hundredths of one 
per cent and the reduction in conductiv- 
ity being very small if there is perfect 
control of the reaction so that residuals 
are limited to a few thousandths. Lean 
boron-copper alloys also are used to in- 
troduce boron but without any signifi- 
cant amount of any other element, the 
boron added being one or two hundredths 
per cent and the residual in this case also 
a few thousandths; added alone in this 
manner the impairment to conductivity 
is extremely slight in view of the very 
low solubility of the element, the re- 
mainder believed to exist as a fine dis- 
persion of boride (10); thus the required 
control may be less exacting. Lithium 
also is used, either as a lean lithium-cop- 
per alloy or a rich lithium-calcium alloy 
(11). The amounts are of similar magni- 
tude as for a boron addition, and of 
course the copper alloy requires less con- 
trol than the calcium alloy in view of 
greater weight and no danger due to 
solubility of an element definitely low- 
ering conductivity (calcium). Where this 
property is not a major factor one finds 
copper with 1 per cent cadmium finally 
deoxidized with lithium-calcium alloy 
(12). 

Similar processing is applied to some 
bronzes such as those containing both 
tin and nickel and to other copper-rich 
alloys that require deoxidation. Phos- 
phorus is most widely used, economy 
being an important consideration, but 
principally in finished products not 
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requiring an approach to maximum con- 
ductivity and in which, therefore, con- 
trol is simple and residuals may be sev- 
eral hundredths of one per cent. 

Phosphorus appears again as a bene- 
factor in the treatment of a related alloy, 
yellow brass, with a claimed result of 
grain size reduction and a favorable effect 
in the control of season cracking (12). 
The latter phenomenon, frequently a 
cause of grave concern, accepted now as 
one manifestation of what is generically 
titled stress-corrosion, was a most com- 
mon cause of failure in single-phase cop- 
per-zinc alloys. Equally disturbing, and 
also frequently encountered was that 
corrosion phenomenon of many zinc-rich 
copper-base alloys referred to as dezinc- 
ification: the preferential solution or at 
least retention in solution of zinc when 
the alloys were exposed to certain cor- 
rodents, notably sea water. Strangely 
enough, with all the need for correction, 
a solution of the problem was known long 
before it was practically applied (13). As 
may be observed in the specifications of 
this Society, 0.03 to 0.04 per cent of 
either arsenic or antimony or phosphorus 
will provide immunity to Admiralty 
metal or aluminum brass condenser tub- 
ing, with arsenic appearing to be the 
producers’ preference. 

The aluminum industry has, during 
more than three decades, provided an 
increasing number of practical illustra- 
tions of benefits flowing from minute ad- 
ditions. 

The earliest and most widely known of 
the group assumed almost immediate 
industrial importance and still enjoys ex- 
tensive application. It is, of course, the 
aluminum casting alloy containing 13 per 
cent silicon, modified by the addition of 
a few hundredths of one per cent so- 
dium (14) (potassium may be used but 
is naturally more costly and is techni- 
cally no more advantageous). The addi- 
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tion of sodium is made just prior to 
casting into molds, and while it should, 
for the optimum effect upon mechanical 
properties, be varied in amount accord- 
ing to the sodium content of the molten 
alloy and the cooling rate of the castings, 
it is ordinarily close to 0.05 per cent. The 
retention of about 0.010 per cent sodium 
with a microstructure of fine and well- 
dispersed silicon particles without ap- 
preciable coarse dendrites of solid solu- 
tion or large silicon crystallites insures 
that the “modified” alloy will possess a 
tensile strength about 35 per cent higher 
than the “normal” alloy along with a 
fourfold increase in ductility as measured 
by elongation in the tension test. It has 
long been known that this “ modification” 
by sodium was the result of undercooling 
since the eutectic temperature is effec- 
tively lowered (13C) and, the liquidus 
line remaining unchanged in direction, 
the eutectic composition is appreciably 
raised (2.4 per cent). It is the latter 
silicon content that must be closely ap- 
proached but not exceeded for best re- 
sults (15). More than one view is held, 
however, of the mechanism producing 
this undercooling. With the solubility of 
sodium in aluminum being less than 0.003 
per cent at the solidus temperature of the 
binary system (16) and the likelihood of 
this low value not being increased by 
alloying with silicon, the view that so- 
dium precipitates from the melt and nu- 
cleates, or interferes by adsorption with 
the growth of silicon crystallites, com- 
mands attention. Quite recently however, 
there has appeared what purports to be 
proof of the existence of an aluminum- 
silicon-sodium compound and the claim 
that it serves as the growth-controlling 
agent (17). The development of both 
strength and toughness in an alloy having 
casting characteristics that eminently 
qualify it for objects of very large area 
and thin sections was a major contribu- 
tion to metallurgical technology. 
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Another example, and one of quite 
intriguing character, deals with the 


influence of small amounts of tin on alu- 


minum-copper alloys, containing addi- 
tionally some manganese, a little or sev- 
eral per cent of silicon, with or without 
nickel (18). Specifically, an alloy of the 
duralumin variety (4.4 per cent copper, 
0.8 per cent manganese, 0.8 per cent sili- 
con) with a small addition of tin will 
develop, on quenching and aging, the 
customary 65,000 psi tensile strength but 
with the high yield ratio of over 80 per 
cent. The tin addition may be as little 
as 0.005 per cent, although a few hun- 
dredths are preferred. Magnesium as an 
impurity (it is strangely enough in larger 
percentage one of the original compo- 
nents of duralumin) is detrimental to this 
high yield ratio and must be held to less 
than 0.005 per cent for best mechanical 
properties. But if contamination does oc- 
cur and the magnesium content rises to 
a few hundredths of one per cent, as 
little as 0.05 per cent cadmium added 
will restore the original properties (19). 

In the production and processing of 
aluminum conductor wire small amounts 
of the metals chromium, titanium, zirco- 
nium, vanadium, and molybdenum have 
a detrimental effect upon conductivity; 
when these metals are present to the ex- 
tent of a few hundredths of one per cent, 
adding boron in the same order of mag- 
nitude largely negates the loss in con- 
ductivity (20). Similar boron additions 
also render unnecessary the customary 
annealing of severely cold-drawn alumi- 
num wire since the conductivity in the 
presence of this additive will be equally 
high in the hard condition with the ac- 
companying higher strength (21). 

Alloys of aluminum containing mag- 
nesium (alone or with other alloying 
metals) are greatly benefitted by includ- 
ing in the composition very small per- 
centages of beryllium. This is not a 
contribution to mechanical or physical 
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properties but is in the nature of a chemi- 
cal change. In solution heat treatment or 
in heating for fabrication at temperatures 
above 800 F, the discoloration and blist- 
ering (not the type of blistering due to 
release of internal gas on annealing) that 
occasionally ruins finished or semifinished 
articles may be avoided by using a chlo- 
ride atmosphere and adding to the metal 
from a few thousandths to a few hun- 
dredths of one per cent beryllium (22). 
The same metal, in the range of about 
0.003 to 0.010 per cent, added to this 
same group of alloys inhibits oxidation 
of their surface when molten, preventing 
loss of magnesium and the formation of 
objectionable dross without the use of 
fluxes or inert atmospheres (23). In the 
die-casting process with metal main- 
tained in the molten state for long peri- 
ods, the advantage is an obvious one. 

Boron has also benefitted these alumi- 
num-rich aluminum-magnesium alloys. 
With the heat-treatable 10 per cent mag- 
nesium type, with or without a quarter 
per cent beryllium addition, bubbling 
through the melt of boron trichloride for 
a time sufficient to leave a residual of 
about 0.010 per cent boron effects grain 
refinement, simultaneously raising the 
tensile strength some 15 to 20 per cent 
and the elongation about 40 per cent 
(24). 

These are just a selection from many 
references to the use of minor additions 
to aluminum and its alloys. Prominent 
among this extensive group, one finds 
methods for the control of macrostruc- 
ture and of other properties but especi- 
ally of grain size, including in addition to 
the well-known and widely-employed ap- 
plication of titanium in somewhat larger 
quantities (of the order of 0.10 per cent) 
(25) reinforcement of the titanium effect 
by much smaller additions of beryllium 
and boron (25), boron alone (25, 27) or 
supplementing larger beryllium additions 
(27), columbium or tantalum in very 
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small amounts (28) and with great fre- 
quency the element calcium (29, .30, 31). 
This list makes no pretense of complete- 
ness. 

With magnesium-rich alloys suffering 
in far greater measure from loss by volati- 
lization and oxidation when molten, and 
the early need for preventives including 
fluxes, inert gas atmospheres, and pro- 
tective additions to molding sands, it 
would be natural to anticipate protection 
to be afforded in a similar manner to 
that functioning for aluminium-rich al- 
loys containing several per cent of mag- 
nesium. However, beryllium added in 
like amount appears to be an overdose 
for this purpose while at the same time 
detrimental in other respects, serving in 
some instances only to coarsen the grain, 
reducing tensile strength and elongation 
by amounts such as 10 and 25 per cent, 
respectively. Quite contrary to expecta- 
tion, protection against volatilization and 
drossing may be obtained in these alloys 
with only one tenth as much beryllium 
added. One finds the claim that as little 
as } part per million is effective (32). 

There are statements in the literature, 
however, that appear most contradic- 
tory. One such is to the effect that 0.025 
per cent beryllium and 0.05 per cent 
zirconium impart to magnesium-base al- 
loys grain refinement and resistance to 
oxidation (33). If at a lower level beryl- 
lium produces grain coarsening but in 
larger amount effects refinement or co- 
operates with this small amount of zirco- 
nium in producing such a result, the spe- 
cific conditions should be determined, for 
elsewhere one notes that the zirconium 
requirement is very much higher, usually 
about three quarters of one per cent, to 
serve the same purpose (34, 36). Some 
careful experimentation and publication 
of the results are required. 

This problem of grain refinement in 
magnesium-base alloys and its benefi- 
cial effect upon mechanical properties is 
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a most interesting one and many solu- 
tions have been proposed. Among them 
may be mentioned adding a few thou- 
sandths of one per cent of aluminum and 
a few hundredths of calcium followed by 
bubbling of nitrogen through the melt, 
employed with 2 per cent manganese al- 
loys (35). In alloys containing 3 per cent 
zinc, grain refinement is produced by 
zirconium (only that which is acid soluble 
is stated to be effective and must be at 
least 0.3 per cent) (36), but the grain 
dimensions may be reduced to one half 
or less by a few hundredths per cent of 
barium or strontium or both (37). Yield 
strength is raised thereby an additional 
15 to 20 per cent. Unfortunately, molten 
alloys so treated oxidize readily, so that 
use of the method would necessarily be 
limited. Another solution, devoid of this 
limitation, is the addition of a few hun- 
dredths per cent beryllium and three 
quarters per cent zirconium, with intro- 
duction into the magnesium simplified by 
prealloying both metals with silver (34). 

Calcium in very small amounts has 
also been added to supply benefits to 
some magnesium alloys (38); likewise the 
rare earth elements (39). 

Small additions are not strangers to 
the metallurgy of zinc. One of the first 
of the major metals of industry to be 
available in high purity (99.99+ per 
cent), it is certain that the corrosion 
problems of zinc-base die castings would 
otherwise have remained unsolved for a 
much longer period. It is now well known 
that 0.03 to 0.04 per cent magnesium in 
zinc die castings alloyed with aluminum 
(or aluminum and copper), which are pre- 
ferred for their minimal attack in the 
molten state on steel dies, will prevent 
intercrystalline corrosion and growth 
during normal use (40). It is imperative, 
however, that the soft, low-melting, 
heavy metals—tin, lead, bismuth, and 
cadmium—be practically absent. On the 
other hand, in a rolled zinc alloy con- 


| 4 
f 
ti 

6 


584 4 GILLETT MEMORIAL LECTURE 


taining usually about 1 per cent copper, 
magnesium performs quite a different 
function, namely, adding creep resist- 
ance. Curiously enough, for this applica- 
tion, traces of aluminum are very dam- 
aging and traces of the above heavy 
metals not at all disturbing (41). With 
the work on die castings so painstakingly 
accomplished within the Society, only the 
need for an approach to completeness 
justifies its mention here. 

With several alloying metals, lead 
forms precipitation-hardenable systems 
of considerable interest, at least part of 
that interest centering upon the com- 
bined effects of retardation of recrystal- 
lization in the alloyed matrix and precipi- 
tation of the second phase. Addition of 
0.005 per cent silver to lead of 99.998+ 
per cent purity (the limit of room tem- 
perature solubility) makes possible an 
increase of 16 to 17 per cent in tensile 
strength, entirely the stiffening of the 
solid solution; doubling the addition to 
secure precipitation as well produces 
about 20 to 21 per cent strength increase. 
Calcium as the precipitation-hardening 
agent is much more effective, no doubt 
the result of the comparative strength 
and other properties of the precipitate. 
At the limit of solid solubility at room 
temperature (0.010 per cent calcium) 
strength is raised only 11 to 12 per cent 
(the low value when compared with the 
similar effect of silver may be due to 
shorter aging time), but with two and a 
half times this calcium content the in- 
crease rises to about 115 per cent—and 
with further additions may be caused to 
multiply almost fourfold. Precipitation 
hardening in a lead alloy with 1 per cent 
antimony may be effected by the addi- 
tion of only 0.005 per cent arsenic, 
strength being increased after quenching 
and aging anywhere from about 40 to 
about 70 per cent depending on the time 
of aging (42). For cable sheathing, this 
result is undesirable, but who will say 
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that for another use the property will 
not some day prove advantageous. 

A phenomenon not at all clearly un- 
derstood is the increase in strength of 
99.998+ per cent lead by the addition 
of 0.005 per cent nickel amounting to 
about 9 per cent, contrasted with the 
same addition to 99.98+ per cent lead 
causing a tensile strength increase of over 
40 per cent (42). Here is another instance 
of the need for ultrapure metals as a 
basis for a true understanding of be- 
havior. Someone will surely unfold this 
relationship between traces of nickel and 
traces of silver, copper, bismuth, anti- 
mony, arsenic, zinc, and tin in a lead 
matrix. 

Perhaps part or all of the improve- 
ment may be the combined effect of some 
of these impurities on grain size. How- 
ever, not only the silver and the calcium 
just noted refine the grain of lead in the 
course of their contributions to strength, 
for it has been recorded that a few hun- 
dredths per cent of selenium or tellurium 
or copper will produce similar results and 
0.01 to 0.02 per cent lithium will cause 
extremely fine grain (43). Grain refining 
would seem to be an attribute of many 
metals in solid solution in lead. 

Interesting effects are produced in cast 
monel metal of 30 to 32 per cent copper 
content (its sulfur controlled by a suit- 
able addition of magnesium) on adding 
small quantities of boron. With carbon 
content high (over 0.2 per cent) due to 
low silicon or other causes, one to two 
hundredths per cent boron promotes 
graphite formation, greatly reducing 
both strength and ductility. But if car- 
bon is low in the usual 1.5 per cent silicon 
alloy, short-time tensile strength at 
1000 F is raised more than 50 per cent 
and ductility trebled or more; simul- 
taneously the boron reduces the detri- 
mental effects resulting from the presence 
of lead. A more certain method of reach- 
ing the same end, however, appears to lie 
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in the introduction of 0.05 per cent or 
slightly more of zirconium (44). 

An equally complex metallurgical situ- 
ation has been found in efforts to improve 
the life of nickel-chromium alloys ex- 
posed to high temperature such as the 
80-20 wires and grids used for electrical 
heating elements. Actually two solutions 
have resulted. In one the additions con- 
sist of a few hundredths per cent alka- 
line earth metal, preferably calcium, a 
similar quantity of phosphorus or arsenic, 
preferably the latter, along with 0.15 to 
0.20 per cent of rare earth metals, pref- 
erably cerium. The other solution com- 
prises the introduction of calcium, 0.03 
per cent residual preferred, thorium with 
a preference of 0.07 per cent and a few 
hundredths per cent of phosphorus, ar- 
senic, or antimony with arsenic preferred 
(45). These deoxidation and alloying pro- 
cedures likewise improve the life of the 
65 per cent nickel, 15 per cent chromium, 
20 per cent iron alloys, while the second 
method is recommended also for the 20 
per cent chromium, 5 per cent aluminum, 
75 per cent iron resistance alloy. Import- 
ance attaches to these developments in 
view of raising the service life in the use- 
iul temperature range of each type from 
two to fourfold, which is a striking al- 
teration by such small additions to alloys 
already capable of forming oxide films of 
great tenacity, ductility, and impervious- 
ness. 

The essentials now recognized for less 
than five years and greatly increasing the 
crying need for perfect purity, the semi- 
metals or semiconductors silicon and ger- 
manium have excited wonder and curi- 
osity (42, 46). The methods employed in 
their preparation and treatment are the 
methods of the metallurgist so that dis- 
cussion here is not improperly placed. 

It is difficult to describe briefly these 
products and the physical mechanisms 
responsible for their functioning. With 
the conductivity of these elements sev- 
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eral orders of magnitude below that of 
the metals, the problem has been to 
reach an intermediate but rigidly con- 
trollable constant level. The conductivity 
of silicon is improved about 60 fold by 
0.001 per cent boron and 360 fold by 0.01 
per cent. Phosphorus at 0.0029 per cent 
raises conductivity 100 times and with 
double this addition, over 300 times. 
These two elements as selections from 
Groups III and V of the periodic system 
contribute to the movement of electrical 
charges by boron being a donor of elec- 
trons to the silicon and phosphorus an 
acceptor of electrons from the silicon. 
But, both elements segregate even in 
small ingots, although in different man- 
ner. The problem is to so balance the 
amounts of these two “alloying” ele- 
ments and to so control the solidification 
of the silicon ingots that a product of uni- 
form resistivity may be obtained. This 
has been done. With’ germanium, a simi- 
lar balance of Group III and Group V 
elements is sought with not only segre- 
gation but an additional variable—heat 
treatment—to be included. 

‘In actual use it appears that the ap- 
proximate additions of boron to silicon 
are several parts per million and of anti- 
mony to germanium are a few parts per 
hundred million. Obviously, for perfect 
control, purity of the basis elements must 
approach perfection and the attack on 
this problem grows ever more intense. 

Interference with grain growth in the 
precious metals by incorporation of finely 
dispersed oxides may be of questionable 
propriety in this presentation, as the 
amounts of thoria employed with plati- 
num (earlier with tungsten) and more 
recently platinum alloyed with small per- 
centages of tungsten have ranged close 
to one half or three quarters of one per 
cent. The use is an important one since 
the structure of the articles, normally 
made by powder metallurgical methods 
and subsequently hot and cold worked, 
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persists in fabrication and use at tem- 
peratures of 1800 F and higher (47). The 
temptation to mention this subject comes 
from publication of other methods, in- 
cluding instead of pressing and sintering 
the melting of platinum or platinum 
group metals or their alloys, adding in a 
nonoxidizing atmosphere and in the ab- 
sence of a flux, oxide-forming metal such 
as silicon or beryllium or thorium, chang- 
ing the atmosphere to an oxidizing one 
for a brief time, and solidifying, thus ob- 
taining a fine dispersion of grain-control- 
ling oxide. The percentage additions may 
be much smaller than customary (48). 
The principle has been employed also 
with nickel and with copper (47). Fur- 
ther inducement is presented by another 
practice, in this case applied to high- 
purity silver. The metal, alloyed with a 
few hundredths per cent of aluminum or 
magnesium is annealed in air and cooled; 
aluminum oxide or magnesium oxide 
serves as a hardening agent, forming in 
situ in accordance with the extent of 
penetration of oxygen on heating and 
precipitating on cooling. The silver is 
thus case hardened. Cases of very con- 
siderable hardness may be obtained by 
more richly alloying with these metals. 
A similar effect, but with less hardness 
resulting, may be secured with zinc, or 
in the presence of a few hundredths of 
one per cent of iron by exposure to zinc 
vapor in a hydrogen atmosphere (49). 
Tin seems now also to be in the realm 
of improvement by minor additions of 
other metals. There are indications that 
a few hundredths or even a few thou- 
sandths of one per cent of some metals 
may prevent or long delay the transfor- 
mation at low temperatures of normal 
tin to the gray pulverulent variety. Re- 
cent experiments in coating with tin-rich 
alloys indicate the likelihood that very 
small amounts of aluminum, silver, and 
more especially cadmium in the coating 
may serve advantageously (50, 51). 
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Thus many metals are most interest- 
ingly altered by the introduction of these 
very small amounts of other elements. 
Among the new arrivals on the industrial 
scene in rather pure form and of good 
ductility are titanium and zirconium. 
Control of oxygen, nitrogen, and carbon 
within narrow limits and in the order of 
hundredths of one per cent will make 
possible harder, though naturally some- 
what less ductile, forms for uses requir- 
ing special qualities. Indications are that 
the still more recent arrivals—ductile 
chromium and ductile vanadium—will 
respond to like treatment. 

Having given consideration to the vari- 
ous means of deoxidizing copper and its 
alloys, it seems only logical to note the 
deoxidation of steel by aluminum, leav- 
ing a residue of combined metal and oxide 
in the range of about 0.01 to 0.04 per cent 
aluminum with grain refinement result- 
ing at the higher levels and dependent 
somewhat on carbon content. In similar 
quantity calcium is being employed in 
special steels, again primarily for com- 
bination with oxygen. Most probably for 
sulfur control, there is widespread use, 
in the more highly alloyed austenitic cor- 
rosion-resisting steels, of cerium in 
slightly larger dosages and (possibly for 
altering the form of the nitrogen present) 
of the complex boron alloys to the extent 
of a few thousandths of one per cent 
boron; in some cases combinations of 
these two additions have proven particu- 
larly efficacious in reducing losses due to 
shortness experienced in hot working. 

I cannot, of course, continue a discus- 
sion of small additions to steels without 
making mention of vanadium. One finds 
additions to the extent of 0.02 to 0.05 
per cent in carbon and low-alloy tool 
steels to contribute temperature-stability 
and small particle size to the carbide 
phase. Similar amounts are added to 
heavy forgings to insure adequate yield 
strength with maintenance of the maxi- 
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mum ductility, especially in transverse 
and radial directions. These small per- 
centages are added also to low-carbon 
medium-manganese plate in association 
with minute amounts of titanium, and 
in a number of constructional low-alloy 
steels where, at about 0.04 per cent vana- 
dium, the element contributes a maxi- 
mum to hardenability. For reasons of 
yield strength and ductility, it is used in 
many steel castings, although at slightly 
higher levels of addition. 

Cast iron metallurgy also has advanced 
through the medium of these small ad- 
ditions. For close to three decades addi- 
tion of calcium as calcium-silicon alloy to 
molten iron of suitable composition, with 
the retention in the iron of about 0.01 per 
cent of calcium, has provided consumers 
with metal having up to 60,000 psi ten- 
silestrength and actual tensile ductility of 
the order of 4 per cent, the result of very 
small graphite flakes in random arrange- 
ment (52). The change of size and dis- 
tribution has permitted the matrix to 
approach full development of its inher- 
ent strength. 

Some use has been made of the chilling 
effect in cast iron of a few hundredths 
per cent of tellurium (53). 

Now the industry is in the throes of a 
revolution, undoubtedly to be an exten- 
sive and most important one. The litera- 
ture is already impressive. With the ini- 
tial discovery that 0.02 per cent of cerium 
(combined with a late inoculating addi- 
tion of 0.50 per cent or more of silicon) 
could cause the graphite to precipitate in 
spheroids instead of as flakes (54) and the 
subsequent discovery that the same 
structure resulted from the addition of 
magnesium to yield in the finished iron 
about 0.04 to 0.08 per cent (55), came a 
new kind of cast iron. As cast or suitably 
heat treated or mildly alloyed the prop- 
erties range from 60,000 to 120,000 psi 
tensile strength and from over 20 to 
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about 4 per cent elongation. This new 
cast iron product is already making in- 
roads into other fields of ferrous metal- 
lurgy and will continue to do so. The 
discoveries have given rise to numerous 
alloys for the introduction of these ele- 
ments, efforts to effect reduction of com- 
pounds of the elements in contact with 
the iron, studies to avoid the need for 
final inoculation, studies of alloying and 
of heat treatment of the product, and 
many others. From all this research it 
appears likely that the amounts of these 
additions may one day be reduced so 
that, for example, instead of adding 0.15 
to 0.35 per cent magnesium in any se- 
lected form to yield a recovery of the 
above 0.04 to 0.08 per cent, much smaller 
additions may be made and the full ef- 
fect obtained with retention of only 0.010 
or 0.015 per cent magnesium with or 
without very reduced amounts of cerium 
or other suitable metals. As with many 
other large effects due to small additions 
to metals, no generally acceptable mech- 
anism has yet been proposed. 

There has been more discussion in re- 
cent years of the use of boron-containing 
alloys in steels than of any of the other 
minute additions that have been pre- 
sented thus far. In part this is due to their 
importance in the country’s economy and 
in part to the very large number of per- 
sons engaged in their production, process- 
ing, and use. Individual ideas are ex- 
pressed as to their merits, as well as the 
manufacturing methods and the probable 
future of these steels, but there can be 
no denial that tons upon tons are each 
day being converted into finished load- 
carrying parts in appliances, machines 
and heavy equipment. 

Historically, while seeking a method 
for the effective use of small additions of 
vanadium to intermediate manganese 
steels, and having determined to study 
thoroughly the possibilities of associa- 
tion with titanium, and having further 
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made a series of titanium-containing al- 
loys by aluminothermic reduction so that 
they contained aluminum residuals, an 
opportunity was afforded to try the al- 
loys in not only medium-manganese 
but also in carbon steels. The results 
exceeded expectations. There followed 
rapid and extensive experimentation with 
alloy compositions and production meth- 
ods, with trials in steels, with testing 
methods and all else. Early it was found 
that the judicious use of ferro-boron 
would occasionally yield the same steel 
properties; only later was it learned that 
the original alloys due to the raw materi- 
als used and process employed contained 
small amounts of boron (56). It was then 
established that vanadium was a most 
important additive but not an absolute 
necessity. This beginning was in 1937.4 

Only in 1944 was acceptance becoming 
substantial. By 1950 it was of major mag- 
nitude—one more instance of slowness in 
adoption of a new material or a new 
technique. 

Much work followed the early trials, 
seeking to improve the alloys and their 
method of use and to clarify the cause 
of their behavior (57). No generally ac- 
cepted explanation of the mechanism of 
the observed phenomena has yet ap- 
peared, but the alloy accidentally yet 
fortuitously prepared for that first com- 
mercial heat of steel with no more than 
5 parts per million of boron added, still 
is in good repute and retains a substantial 


4 Reference continues to be made to the mention of the 
use of 0.001 to 0.1 per cent boron to steels in U. S. Patent 
No. 1,519,388 of December 16, 1924, filed August 13, 1921. 
It will be clear from what follows that 0.001 per cent boron 
could not contribute significant hardenabilit , if any at 
all, if it were not previously alloyed with titanium, and 
there is no mention of this in the patent. The statement 
appears that 0.001 per cent boron “‘revolutionizes the 
structure” in respect to “fineness of the texture’’; also 
that 0.002 per cent boron produces in a steel of 0.2 per cent 
phosphorus [sic] “a texture of such fineness as cannot be 
obtained in phosphorus-free steel.”” On grain size, the ef- 
fect of boron alone is quite the opposite. Hot-shortness is 
stated to oprase only at more than ten times the actual 
known level. The patentee’s knowledge of the behavior of 
boron-containing steels is qualitatively and quantitatively 

letely wrong, opening the entire paper to question. 
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share of the market while the complex 
alloy without vanadium put into pro- 
duction just a few years later retains the 
maximum. In the sixteen years since I 
had the thrill of contributing to that first 
steel experiment, a voluminous literature 
has appeared concerning these steels and 
their properties—most of it during the 
past six years—and it still continues its 
rapid growth. 

The initial observations came at a time 
when a common method of evaluating 
quenched-and-tempered steels in not too 
large sections was by simple formu- 
lae embodying predetermined relative 
weighting of tensile strength and reduc- 
tion of area in the tension test. By this 
criterion, the first steels had “‘ merit in- 
dices” equal to the maximum or higher 
than had been previously observed with 
consistency in low-alloy steels. Later 
came the dependence upon various means 
of measuring hardness penetration on 
quenching, culminating in the Jominy 
hardenability method. Measurements us- 
ing this principle indicated for the boron- 
containing steels properties of such signif- 
icance, and its use to control subsequent 
substitutions of these new steels for the 
older and richer alloy steels so greatly 
concerned both steel-makers and users, 
that the hardenability contribution by 
the boron alloys has far outweighed in 
interest all other properties. When com- 
paring these boron-containing steels and 
their lower content of customary alloying 
elements with the richer alloy steels that 
they replace, full consideration should be 
given to their advantages in hot- and 
cold-working and in numerous machining 
operations. Except when these steels are 
in their ultimately hardened-and-tem- 
pered condition, they are much more 
readily worked and the greatly pro- 
longed life of tools and dies used to fab- 
ricate them as well as the easier heat 
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treatment preparatory to such fabrica- 
tion should not be brushed aside. 

As previously mentioned, there is no 
general acceptance of the ideas or the- 
ories put forth to explain the mechanism 
of behavior of these boron alloys. But 
certain practical aspects of the alloys and 
their method of use warrant considera- 
tion regardless of whether one subscribes 
to: 

(a) The concept that concentration of 
the boron at austenite grain boundaries 
as an interstitial iron-boron solid solu- 
tion, the presence of which lowers the 
rate of grain-boundary nucleation, is the 
cause of higher hardenability (58), or 

(b) The boron, or portion thereof in 
solution at time of quenching (irrespec- 
tive of its location), decreases the rate 
of nucleation of ferrite and carbide in 
the vicinity of the nose of the S-curve, 
thereby contributing to martensite for- 
mation (that is, increasing hardenabil- 
ity), or 

(c) Acid-soluble nitride nuclei (prin- 
cipaily aluminum nitride) are reacted 
upon by boron with the formation of rela- 
tively inert boron nitride, thus decreasing 
nucleation, so that in the complete ab- 
sence of nitrogen (and possibly, alumi- 
num) boron in these small amounts 
would not display this influence because 
hardenability would be high initially (60), 
or 

(d) An expressed but not yet detailed 
order-disorder phenomenon or an equally 
incomplete exposé of restraint of nuclea- 
tion by patchy grain boundary films (61). 

Within a relatively short time follow- 
ing the initial discovery, the making and 
testing of hundreds of alloys demon- 
strated conclusively the fortuitous com- 
position of the first alloy produced and 
tried. It was clear that after effective 
aluminum deoxidation of the steel, a 
little aluminum in the alloy served to 
keep any subsequently introduced oxy- 


gen from reacting with the remaining 
alloy components; its titanium (or in 
part zirconium) content was then avail- 
able for combination with nitrogen, leav- 
ing the boron to perform its function by 
whatever means the future may disclose. 
The key combination is ¢itanium-boron in 
the added alloy; it has been proved by 
every subsequent commercial develop- 
ment, and this explanation recently was 
confirmed by British experimentation. 
In the absence of titanium, the required 
boron addition is three to fivefold regard- 
less of preadditions of aluminum and 
separate preadditions of titanium or zir- 
conium alloys. Presumably, part of the 
boron, by combining with oxygen or 
nitrogen or both, serves to protect the 
remaining boron so that the latter may 
be effective in the hardening process. 

More specifically, in quenched-and- 
tempered steels the full hardenability and 
accompanying effects may be secured, 
following aluminum deoxidation, by the 
addition of 0.001 per cent boron or 
slightly less, in the form of an alloy of 
the type just described. By other means, 
at least 0.003 per cent boron must be 
added, and even then reproducibility suf- 
fers. If sufficient vanadium is present in 
an alloy of the preferred type the boron 
addition need be only 0.0005 per cent or 
slightly less—that is, only five parts per 
million! 

For several years, intense research has 
been under way in many laboratories, 
here and abroad, but as yet no generally 
satisfying and accepted explanation has 
been forthcoming. The number of obser- 
vations that such an explanation must 
fit may be a partial cause for present 
skepticism since one must include alloy 
behavior, response of different steels 
made by different practices and of differ- 
ing oxygen, nitrogen, and carbon con- 
tents prior to the addition of the boron 
alloy, loss in hardenability on exposure 


to high temperatures, and others. The 
explanation must satisfy the behavior 
of quenched and tempered steels and 
also as-rolled or normalized low-carbon 
steels to say nothing of the effects of 
other alloy content. We are well aware 
not only of the occurrence of the boron 
in more than one form, but also of the 
change in the state of combination of 
the nitrogen on adding these boron alloys 
to steel. It has been possible to recognize 
by a prescribed analytical method 
whether or not the addition has been 


completely effective. However, the limits 
that may be applied to the results vary 
with certain practices, including the type 
of alloy. Research is needed into the 
_ meaning of such data before the ques- 
tion of boron behavior can be fully clari- 
_ fied. To him who opens this door should 
come rich rewards. I subscribe to a re- 
cently expressed view that whoever 
cracks the secret may point the way to a 
new metallurgical field of much broader 
scope than just that of the immediate 
problem. 

Having now trodden completely across 
the metallurgical horizon, I return to the 
subject matter of Dr. Gillett’s last “crit- 
ical review (62).” In doing so I must de- 
_ part, though ever so slightly, from the 
declared purpose of this review and refer 
not to a minute “content” of one ele- 
ment in another but a minute “differ- 
ence” which is actually an “addition” 
and should thus qualify for inclusion in 
this presentation. You will recall that 
that last paper to which I have previ- 
ously referred dealt with very-low-carbon 
stainless steels of the austenitic type. 
Under the title “Present Knowledge of 
Low-Carbon 18-8” one will find the usual 
healthy criticism and the effects of keen 

perception. I quote: 


“Obviously the lower the carbon, the 
less the difficulty. Just how low it is nec- 
essary to go has been a question. It can 
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even now be answered only when we are 
told just how the material will be used.” 


Again, after considering all the effects 
of processing and composition variables, 
including the disagreement as to the 
maximum limits for both carbon and 
nitrogen to insure immunity from grain- 
boundary precipitation of a corrosion- 
promoting phase, plus the voluminous 
data on corrosion rates following many 
variations in “sensitization” procedure 
contrasted with the limited data on 
structures assumed to embody more or 
less the conditions employed in these 
tests, I quote again: 


“Why do we have so much indirect and 
so little direct evidence on so vital a point?” 


Then, by way of characteristic emphasis: 


“From the point of view of the mater- 
ials engineer, the condition is “snafu’’ be- 
cause of indirect tests and the uncertainty 
of their translation into actual service.” 


Always the scientific method but always 
combined with the practical outlook. 
During the past decade or slightly 
more there has been rapidly growing 
production and use of these very-low- 
carbon austenitic chromium-nickel steels. 
Before this all began, but much more 
vigorously during the growth period 
there have been substantial sums ex- 
pended in studies of the steel-making 
methods and the properties and fields of 
application of the product. The objective, 
of course, has been to circumvent the 
use of correctives for intergranular cor- 
rosion. Austenitic chromium-nickel steels 
of similar chemical composition but of 
higher carbon content (0.08 per cent 
maximum or more), if not protected by 
the incorporation of an adequate quan- 
tity of a carbide stabilizing element, may 
deteriorate rapidly in any one of many 
corrosive media, some very active, some 
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slower in their disintegrating effects, after 
being subjected to certain thermal cycles 
such as those encountered during weld- 
ing. Elimination of these stabilizers tends 
also to avoid loss in general corrosion 
resistance. Another driving force is the 
problem of availability. I refer, of course, 
to columbium and titanium and to a 
lesser extent to vanadium. 

It appears that austenitic steels of the 
chromium-nickel type with a maximum 
carbon content of 0.03 per cent serve 
adequately without danger of deteriora- 
tion due to intergranular corrosion, when 
subjected to any number of variants of 
the “sensitization” test or when welded 
or otherwise heated in fabrication in 
temperature zones that would produce 
more or less rapid failure, were the car- 
bon higher and stabilizers absent; many 


corrodents encountered in commercial . 


use are without significant effect. Two 
conditions are responsible for the steel- 
makers’ ability to supply industry with 
substantial quantities of this steel. The 
first is the successful manufacture of 
very-low-carbon ferrochromiun with 0.03 
or 0.02 per cent maximum carbon which 
has been made in considerable quantity 
in France for several years following 
production on a moderate scale for well 
over ten years, and may now be obtained 
in the United States as products of two 
distinctly different processes. The second 
is the rapid growth of the metallurgical 
application of oxygen and its consequent 
availability in large tonnage at low cost. 

However, while striving for perfection 
in this transition from steels of 0.08 per 
cent maximum carbon content to the 
types of 0.03 per cent maximum, some 
opportunities appear to have been over- 
looked or given inadequate attention. 
Manufacturing practices differ not only 
in their major features but in their de- 
tails in making these very-low-carbon 
steels. But in producing steels of an ac- 
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tual carbon content of 0.020 to 0.025 per 
cent (necessary to meet an 0.030 per cent 
maximum specification) certain features 
are common to all methods—the oxygen 
content of the bath is high, the tempera- 
ture is high, and the time required for 
the lowering of each 0.01 per cent carbon 
is progressively longer. The net result is 
punishment to equipment, higher oxygen 
consumption, possibly altered properties 
(other than corrosion resistance), and 
greater chromium losses if stainless steel 
scrap or high-carbon ferrochromium are 
among the raw materials. Ultimately, 
these items must be reflected in costs. 
Since the actual carbon content of the 
steel in the 0.08 per cent maximum car- 
bon grades has always been the basis for 
computing the required residual content 
of corrective carbide-forming element 
and since the actual 0.020 to 0.025 per 
cent carbon in the 0.03 per cent maxi- 
mum carbon grade appears to serve cur- 
rent needs adequately, it seems necessary 
to present the following question: Would 
a steel specification at 0.04 per cent maxi- 
mum carbon with a corrective applied to 
take care of only the excess of 0.01 per 
cent carbon present advantages? 

The following appear likely: 

1. Wear and tear on melting equip- 
ment greatly reduced. Ferrochromium 
available at 0.03 and 0.02 per cent maxi- 
mum carbon means that the relief in 
melting the steel base can be greater than 
this 0.01 per cent specification difference, 
or chromium losses less where chromium- 
containing materials are in the charge. 

2. General corrosion resistance of the 
steel will not suffer if the corrective is 
applied only to the excess carbon. This 
should be especially true if the nitrogen 
content of the steel bath is kept at or 
reduced to the lowest possible level; the 
oxygen content is automatically benefit- 
ted. 

3. The higher carbon content may pro- 
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duce a change in the useful strength of 
the product as measured by its “elastic 
properties.” 

Steels of this suggested intermediate 
carbon have been made but apparently 
none to which this specific suggestion 
applies. Always they have been so-called 
fully corrected. But it is obvious from 
successful use of the very-low-carbon 
steels that this need not be done, that 
general corrosion resistance need not suf- 
fer, and that“elastic properties” may be 
benefitted. Current. disagreement as to 
the limit of solubility of carbon in 18-8 is 
of no import since with 0.020 to 0.025 
per cent actual carbon content, whether 
0.010 or 0.020 per cent is soluble under 
equilibrium conditions can have little 
practical effect. Work along this line 
needs to be done. Unfortunately, per- 
haps only the first steps can be taken in 
the laboratory; none but commercial 
melts will provide a complete answer. 

I have recited all this detail so that 
you may arrive, with me, at a realization 
of the great number of instances in which 
minute amounts of elements added to 
metals and alloys have brought improve- 
ments that have produced or may soon 
produce industrial benefits that add to 
man’s well-being. All here recorded has 
occurred in one man’s professional life- 
time—a span of about forty years. It is, 
of course, quite certain that all of the 
known examples falling within the scope 
of the title have not been cited. It is 
equally certain that to set arbitrary limi- 
tations on the coverage in such a review 
may cause instances of great interest to 
be excluded; yet to a degree this had to 
be done for if, instead of dealing with 
hundredths, thousandths, and lesser per- 
centages of addition, I had encompassed 
just one higher order of magnitude, the 
flood gates would have been opened, the 
boundaries would have become almost 
limitless, and you would have had not 
a one hour lecture but a volume or two. 


Moreover the smaller additions dis- 
play in so many cases more novelty and 
evoke more striking interest, for they 
present the more sensitive responses of 
metals to alloying or to correctives, 
whichever the case may be. 

Consideration was given to expressing 
the quantities not as weight percentages 
but rather atomic percentages or even 
gram-molecules per unit of volume. The 
latter two methods have more meaning 
to the scientifically-inclined, especially 
with metals of such varied physical prop- 
erties, but weight percentages are so 
common in specifications and in daily 
practice that they are in general more 
quickly grasped. 

Scanning these citations of the aid 
given by single atoms to many thou- 
sands, there is no readily apparent basis 
for generalization, but one cannot escape 
the observation of some similarities 
among the elements imparting the sharp 
improvements in properties. Most of the 
observed instances result from the use 
of elements of low atomic weight and 
high chemical reactivity—lithium, beryl- 
lium, boron, sodium, magnesium, alu- 
minum, calcium—all in one corner of 
the periodic system of the elements and 
comprised in groups I, II, and III. With 
certain elements with which they form 
compounds, heats of formation are high. 
They are in most cases active in their 
association with oxygen, nitrogen, even 
hydrogen, but also with sulfur and the 
halides. 

A lesser number of instances are con- 
cerned with the addition of heavier ele- 
ments, namely, titanium, zirconium, 
thorium in group IV, phosphorus, ar- 
senic, antimony, and vanadium in group 
V. The rare earths must remain in their 
intermediate position. Among these 
heavier metals it is the elements of group 
IV which again display high heats of 
formation with certain other elements. 


It is this situation that gives rise to the 
frequent mention of correctives. But ob- 
viously we cannot treat of them without 
consideration of the medium in which 
they operate. 

Several times, mention has been made 
of the lack of adequate proof of assumed 
mechanisms by which these enhanced 
properties are secured and likewise the 
frequent long intervals between observa- 
tion of an effect and recognition of the 
cause. I offer you now no hope of a simple 
explanation of such diverse phenomena 
as are here recorded, if for no other 
reason, only because of the great differ- 
ences in the basic metals to say nothing 
of the varied properties that are affected. 
One needs to consider questions of liquid 
and solid solubility and changes with 
temperature, the resulting precipitation 
of quantitatively minor constituents and 
the particle size, properties, and distri- 
bution of the precipitates, more or less 
continuous grain boundary films and 
their removal or dispersion, rates of 
diffusion, and a host of other features of 
behavior. When explanatory simplifica- 
tion arrives, there seems more likelihood 
for it to develop along physical lines and 
to provide the possibility of mathemati- 
cal expression; to date the closest re- 
corded approach may have been made by 
those associated with the development of 
the semiconductors. 

Nevertheless one over-all fact stands 
forth clearly. Despite all the progress, 
the purity of our metals and the sensi- 
tivity of our various means for the meas- 
urement of the magnitude of impurities 
are not yet adequate. Further advance- 
ment is required not solely for the pur- 
pose of experimentation although admit- 
tedly it will afford the only perfect means 
of learning how to perform the subse- 
quent reincorporation under control of 
specific elements removed, either by 
themselves or with other elements. We 
customarily desire to use in a single ap- 


plication only some of the properties of 
metals and alloys; it is likely that these 
are not usually developed to the fullest 
extent and that directional control may 
be possible. For this, however, new meas- 
uring tools will be needed, for there will 
be new criteria of “purity,” and control 
within extremely narrow limits will as- 
sume maximum importance. 

Conventional analytical methods need 
scarcely be mentioned. Spectrography 
also in many cases has reached its limit 
of service in this cause. Physical methods 
of identification must be provided to de- 
tect the presence of specific impurities 
and to measure ever-decreasing magni- 
tudes. Tracer techniques and magnetic 
and optical measurements, many appear- 
ing of indirect approach, are beginning to 
assume importance. This may seem to 
be peering into the future, but in actual- 
ity it is not so. We have come to talk in 
these alloying and impurity problems of 
parts per million. Be not surprised if very 
soon there is discussion in terms of parts 
per billion—or beyond. 

To reinforce these contentions I shall 
add just two significant instances. In the 
copper-copper oxide rectifier it has long 
been known that the very best perform- 
ance results from the use of a particu- 
lar type of copper, namely, electrolytic 
produced from specific ores. The reason 
for it is unknown; the spectrograph has 
afforded no assistance (63). More recently 
a single lot of spectroscopically pure tin 
was not transformed even when inocu- 
lated with gray tin powder. That the 
result was very likely due to something 
other than very high purity was indicated 
by the fact that after heating in vacuum 
at 1000 C for a brief period this lot was 
transformable into the gray variety (50). 
No explanation has yet been forthcom- 
ing. It appears thus impossible without 
new knowledge based upon new tech- 
niques to answere many of these metal- 
lurgical riddles. 
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This brings me to the end of my story. 
Only part represents personal experience. 
Hence it would have been most incom- 
plete in the telling were it not for the 
writings of those who have so thoroughly 
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investigated many of its aspects. To the 
records they have left and to many con- 
versations with the individuals them- 
selves, I am deeply indebted and now 
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PROPERTIES AND BEHAVIOR OF A HIGH-STRENGTH RIVET STEEL* 


A high-strength rivet steel, developed by the Bethlehem Steel Co., which has 
certain advantages over other rivet steels meeting the requirements of the 
ASTM Specification A 195 — 52 T? is reported upon. The high-strength rivet 
steel is as ductile and is driven as easily and quickly as ordinary carbon rivet 
steel. At short lengths of grip, the average clamping stresses of the high- 
strength steel rivets are about the same as those of carbon steel rivets. How- 
ever, at grip lengths of 2 in. and greater, the average clamping stresses of the 
high-strength steel rivets are appreciably greater than those of carbon steel : ' 
rivets. 

The behavior in static tension and in fatigue of butt joints fastened with 
rivets of the high-strength low-alloy steel was compared to that of joints 

= with rivets of ordinary carbon steel. For static loads, the efficiencies _ 
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of the joints were about the same irrespective of the kind of rivet steel. The 

fatigue strengths of joints having a 13%-in. length of grip were about the same 

irrespective of the kind of rivet steel. However, at longer lengths of grip, the 

fatigue strengths of the joints fastened with the high-strength rivets were 

_ greater than for similar joints fastened with ordinary carbon steel rivets. It 

was also observed that a decrease in the ratio of tension to shear of riveted 
joints can result in a decrease in the fatigue strengths of such joints. 


The use of a high-strength rivet steel 
in connection with carbon, silicon, or 
other high-strength structural steels is 
at times of interest to the structural 
designer. In certain cases the substitu- 
tion of high-strength rivets for carbon 
rivets permits a reduction to be made 
in the number of rivets required in a 
joint or splice. The substitution can 
affect the sizes of splices or of gusset 
plates. Objections are frequently raised 
to the use of high-strength rivets because 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Professor of Civil Engineering and Research Asso- 
ciate in Civil Engineering, Northwestern University, 
Evanston, Ill. 

2 Tentative Specification for High-Strength Structural 
Rivet Steel (A 195-52 T), 1952 Book of ASTM Stand- 
ards, Part 1, p. 564. 


of the high cost and difficulty of driving 
such rivets. In certain cases the rivets 
may meet the strength requirements 
but may be deficient in ductility and in 
impact strength after driving. Additional 
objections may exist due to the degree 
of hole filling and the small values of 
clamping force usually obtained for such 
rivets. A small clamping force and poor 
hole filling may permit an appreciable 
slippage of joints to occur at small values 
of load. A small clamping force may also 
result in lower fatigue strengths of joints 
fastened with such rivets than for joints 
fastened with carbon steel rivets. 
Among the various high-strength rivet 
steels available may be listed the com- 
monly designated silicon, silico-manga- 
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Fic. 1.—Dimensions and Details of Sam; 
Specimens with Driven Rivets (Groups I and IT). 


Rivets: Carbon steel, ASTM Specification A 141, 3-in. 


diameter 
Alloy steel, ASTM Specification A 195, 3-in. diameter 
Holes: Drilled #{-in. diameter 
Lengths of grip: Ranged from 3 to 4; in. 
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rivet steel. The chemical composition of 
this new rivet steel is given in Table VII. 

A program of tests was defined to 
determine the physical properties of the 
alloy steel rivets and the behavior in 
static tension and in fatigue of joints 
fastened with such rivets. Two groups of 
sample specimens and four series of butt 
joints were fabricated for the program 
reported herein. The clamping and physi- 
cal properties of the alloy steel rivets and 
of carbon steel rivets were determined 
for several lengths of grip. A series of 
butt joints fastened with the alloy steel 
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34 41 | 12/148) 233] 483] 447 | 354 | 244 
P/2-4 --3P—4 
Et |25/43 |2 iB 299 | 240 | 164 
H 
A 
AaR7] 7/8 43|2 |228|486| 598 | 480 |328 
A4L | 386 | 312 | 212 
Aare] | 43 |24) “Alok 34) 27%|225 | 494] 778 | 624 | 425 
w 
i wi jo 
\ A Rivet Holes were Punched 
8 Diameters of Rivet Holes 1/16 in. Larger than Nominal Diameters of Rivet 
u“ A rT Approximate Tension : Shear: Bearing Ratio= 1.00 : 1.25:1.80 


Plate Materiol, ASTM A7 


Fic. 2.—Details and Dimensions of Joints for Series A. 


nese, and manganese rivet steels. The 


ASTM has issued a specification A 195 — 
52 T for such rivet steels.? This specifi- 
cation is based on the results of tests 
conducted by the U. S. Navy and those 
reported by Jonathan Jones (1). The 
new rivet steel reported upon herein 
meets these specifications and has certain 
characteristics desirable ina high-strength 


* The boldface numbers in entheses refer to the 
list of references appended to this paper, see p. 609. 


rivets. 


rivets was tested in static tension to 
determine whether a ratio of tension to 
shear of about 1.00 to 1.25 was satis- 
factory for such joints. Three series of 
butt joints were tested in fatigue to 
determine the effect of grip and clamping 
force on the fatigue strength of joints 
fastened with the alloy steel rivets and 
of joints fastened with carbon steel 
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DESCRIPTION OF SPECIMENS 
Two groups of sample specimens were 
used for determining the clamping 
stresses of the rivets. The dimensions and 
details of the sample specimens are given 
in Fig. 1. Each group was driven at a 


Series B 
3" 
50" 
= 
16 
Series C 


series were of ASTM A 7 steel‘ and came 
from different heats and rollings. The 
plate surfaces of series A and B had mill 
scale, were rough, and had a small amount 
of rust, whereas the plate surfaces of 
series C and D had mill scale, were 


Series D 
‘ Areas, s Type of | Length 
Series LL Rivet | of Grip, 
Ss : Bearing] Steel in. 


B |100:0.75:1.51| 2.67|3.54] 1.69 | Carbon | 
Alloy 


C |100:0.75:1.51| 1.69 | Carbon 4% 
Alloy 4 


“6 

D |1.00:1.26:183| 447 |3.54| 2.44| Carbon | 
Alloy 

Alloy | 


Fic. 3.—Dimensions and Details for Specimens ne SeriesB,C,andD. 


Rivets—¥4 i in. in diameter, hot driven with p ic hand h 
% in. in diameter; series B punched, series c and D drilled 


Holes—* 


Plate material—A' 


different time and included sample speci- 
mens fabricated with carbon steel rivets 
and with the alloy steel rivets. The rivets 
had a 2-in. nominal diameter and were 
driven with a pneumatic hand-hammer 
in accordance with standard shop prac- 
tice. The driving temperature for both 
kinds of rivet steel was 2150 F. Several 
lengths of grip, ranging from 3 to 475 in., 
were used for each kind of rivet steel. 
The dimensions and details of the butt 
joints tested in static tension are given 
in Fig. 2 and those of the butt joints 
tested in fatigue are given in Fig. 3. 
Series A and B were driven at the same 
time as the sample specimens of Group I, 
whereas series C and D were driven at 
the same time as the sample specimens of 
Group II. The main plates of the different 


TABLE I.—PHYSICAL PROPERTIES OF THE MAIN 
PLATE MATERIALS. 


j | Elongation, | Reduc- 
Yield | | percent tion in| 
Series | Point, ai. 
a In | In | Pet | ness® 
2in.| 8 in. | cent 
33 000 | 63 000 | 50.0 | 25.5 | 56.0 | 70.0 
itaed 36 000 | 64 200 | 49.5 | 26.4) 55.6 | ... 
ea 31 900 | 63 200 | 56.2 | 32.0| 56.2 


@ “B” scale, Y%in. steel ball, 100-kg load. 


smooth, and had no rust. A summary is 
given in Table I of the physical properties 
of the main plate materials for the butt 
joints of series B, C, and D. The joints 
of series B, C, and D were tested in 
fatigue and in static tension, whereas 
those of series A were tested in static 
tension only. 

4Tentative Specification for Steel for and 


Buildings (A 7-52 T), 1952 Book of ASTM Standards, 
Part 1, p. 356. 
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CLAMPING AND PHYSICAL CHARACTER- 
ISTICS OF THE RIVET MATERIALS 


The clamping characteristics of both 
kinds of rivet steels were obtained from 
the driven rivets of the sample specimens. 
The clamping stresses for the various 
lengths of grip were determined by means 
of relaxation tests. Figure 4 shows the 
relationship between the clamping stress 
and length of grip for the alloy steel 
rivets and the carbon steel rivets of both 
groups. The clamping stresses of both 
kinds of rivets increased with an increase 
in length of grip. At short lengths of 
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ordinary carbon rivets. Additional data 
concerning the time required for driving 
various types of rivet steels are reported 
in the Progress Report of the ASCE Com- 
mittee of the Structural Division on 
Structural Alloys (1). A comparison of 
cost for driving various rivet steels is 
given in the report and is shown here as 
Table IV. In the Progress Report it was 
stated: “‘. . . if another type of rivet steel 
could be developed, which would have 
the strength of the silico-manganese type 
herein tested, and much greater ease in 
driving (say only 5 per cent to 10 per cent 


= Carbon Rivets Average | |Range 
50000 ] Alloy Rivers - 
” 30000 | 
Alloy Rivets —y | | « Corbon vers 
o + 
10000 | | i 
| 
7 Length of Grip, in. Length of Grip, in. 
Group I Group IL 


“Fic. 4.—Clamping Stress versus Length of Grip for Both Groups of Sample Specimens. — 


All rivets 3-in. diameter. 


grip, the average clamping stress of the 
alloy steel rivets was about the same as 
that of the carbon steel rivets. However, 
at a 4in. grip, the average clamping 
stress of the alloy steel rivets was con- 
siderably greater than that of the carbon 
steel rivets. Additional information, as 
reported by other investigators, concern- 
ing the magnitudes of clamping stresses 
for various types of rivet steels is sum- 
. marized in Table II. 

No difficulties were encountered in 
driving the alloy steel rivets or the carbon 
steel rivets. The time required for driving 
the various rivets is summarized in 
Table ITI. In these tests the alloy rivets 
were driven as quickly and easily as the 


more costly to drive than carbon steel), 
such a rivet would have an important 
economic application, and its cost per 
pound would not enter materially into 
the question of its economy.” 

Tensile properties were determined of 
the driven and undriven rivets of carbon 
steel and alloy steel. The tensile proper- 
ties of the undriven rivet materials were 
obtained from standard round specimens 
having a 2-in. gage length. The latter 
specimens were prepared from undriven 
rivets chosen at random from the same 
batches as those used in fabricating the 
sample specimens and butt joints. The 
driven rivets were obtained from the 
sample specimens and were the same as 
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those used for determining the clamping 
characteristics of the rivets. The. tensile 
properties of the driven and undriven 
rivets are shown in Table V. The alloy 
rivet steel met the strength requirements 
of the ASTM Specification A 195 —- 52 T? 
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8 per cent. Since the driven rivets had no 
defined yield point, it was not possible to 
obtain values of yield stress. Based on 
changes in length and area, the ductility 
of the alloy steel rivets was about the 
same as that of the carbon steel rivets. 


TABLE II.—REPORTED VALUES OF CLAMPING STRESS VERSUS LENGTH OF GRIP FOR VARIOUS TYPES 
OF RIVET STEELS. 


Diameter | Average 
Sources of Information Rivet Steel | Method of Driving | of Rivet, | Lensth of Clamping 
in. Stress, psi 
W. M. Wilson (2) Univ. of | Carbon Pneumatic hand 3 28 930 
Illinois Eng. Exp. Sta., hammer 5 33 930 
Bulletin No. 302 
Hydraulic riveting 1 3 | 31 900 
machine 5 35 980 
Manganese Pneumatic hand 1 | 3 | 23 700 
ammer | 5 37 280 
Hydraulic riveting | 1 3 | 20 030 
i machine 5 38 730 
Ww. Wilson (3), Univ. of | Low-Alloy Steel A Pneumatic hand 1 2 5 070 
illigors Eng. Exp. S Sta., hammer 3 24 600 
Bulletin No. 337 | 5 41 240 
- Hydraulic riveting 1 2 12 100 
machine 3 20 100 
5 32 380 
Low-Alloy Steel B Pneumatic hand 1 2 6 300 
hammer 3 24 770 
5 34 620 
Hydraulic riveting 1 2 17 210 
machine 3 21 770 
5 20 240 
Low-Alloy Steel C hand | 1 | 
ammer 
5 42 370 
Hydraulic riveting 1 2 7 510 
machine 3 14 670 
5 30 080 
K. H. Lenzen (4), A.R.E.A.| Carbon (hot-driven) | Hydraulic riveting | % | 1% 12 000 
480, "June- his; machine 
Carbon (cold-driven) | Hanna yoke machine | % | 1% | 3 400 
C. W. Muhlenbruch (5), Iron | Carbon (hot-driven) | % | o% | 31050 
and Steel Engineer, Octo- 
ber, 1949 Carbon (cold-driven) | | % | 6% | 4 440 
ASTM A 195 | | % | 6% | 40 000 


For the carbon steel material, the ulti- 
mate strength based on the nominal 
diameter of a rivet was greater after 
driving by approximately 14 per cent but, 
based on the actual diameter, little 
change occurred. In the case of the alloy 
steel, the ultimate strength based on the 
nominal diameter was greater after 
driving by about 22 per cent but based on 
actual diameters was greater by about 


Shear strengths were determined for 
several driven and undriven rivets of 
both kinds of rivet steel. The strengths 
were determined for the rivets in double 
shear by means of a special shear tool 
and are given in Table VI. The shear 
strengths of the alloy steel rivets were 
considerably greater than those of the 
carbon steel rivets. For both kinds of 
rivet steels, the shear strengths based on 


Ae 


TAMAS REQUIRED FOR DRIVING THE 
'Y AND THE ON STEEL RIVETS. 


Diam Average Driv- 
4 r 
Type of "Rivet, ng 


Length 
Specimen Series | Rivet, of Grip 
in. 


Carbon} Alloy 

Rivet | Rivet 

Sampl I 11 (4)*| 12 (8 

2 13 (8) | 13 (8 

3 15 (8) | 16 (8 

| 12 

| 14 (8) | 12 

Butt joints A 4 118 10 (32) 
1! 13 (18 

1. Gs 


pow 


16 
1 10 (27 
216 | | 11 (28 


® Total number of rivets indicated in = 


TABLE IV. pr OF COST FOR DRIVING 
ARIOUS RIVET STEELS. 


Rivets 
Kind of Rivets Driven in Per Cent 
8hr 
Carbon 1950 | 100 
* L and Z indicate the low a nigh oid side of the range 
considered in Specification 
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driven and undriven rivets of both kinds 
of rivet steel, the average hardnesses 
being given in Table V. For each steel, the 
distribution of hardness on the mid- 
plane of a sectioned rivet was approxi- 
mately uniform for the driven and un- 
driven rivets. The degree of hole filling 
for the driven rivets was inspected for 
several of the fatigue specimens after the 
fatigue tests were completed. The speci- 
mens were prepared for visual inspection 
by sawing sections containing the longi- 
tudinal axes of rivets. These sections 
were ground and polished and all burrs 
were removed. The degree of hole filling 
was about the same for both kinds of rivet 
steels. 

Impact strengths of the driven and 
undriven rivet materials were deter- 
mined at room temperature by means of 
Charpy impact tests of standard V-notch 
specimens. The impact strengths for the 
driven rivets of alloy steel were slightly 
greater than those for the driven rivets of 
carbon steel. Charpy impact tests of key- 
hole notch specimens were also made to 


TABLE V.—AVERAGE TENSILE PROPERTIES OF THE DRIVEN AND UNDRIVEN RIVETS. 


Type of Yield Elongation} Reduction | pocywellt 

Rivets Series ivet Point, . in2in., | in Hardn 
Steel psi per cent per cent —_ 

Actual Nominal 

Undriven A Alloy 60 200 77 400 33.5 63.2 82 

B Carbon 39 500 65 600 30.1 63.3 61 

Alloy 60 200 77 400 33.5 63.2 82 

c Carbon 37 700 53 400 4.2 71.2 55 

Alloy 65 600 79 300 34.7 69.3 80 

D Carbon 48 200 52 700 44.5° 74.4 50 

Alloy 67 600 79 200 35.2 69.8 84 

Driven A 83 700 94 500 36.0 69.1 89 

B Cas Bon 65 200 72 200 33.8 66.8 80 

~ a 83 700 94 S00 36.0 69.1 89 

Cc Car 53 100 58 400 39.0 73.0 80 

ed 82 000 92 500 36.0 70.0 89 

D 54 800 64 700 39.0° 74.0 64 

Alloy 86 000 98 800 35.0 69.0 90 


°“B” Scale, 34-in. steel ball, 100-kg load. 
1-in. gage length. 
© 1% in. gage length. 
actual diameters were slightly changed 
as a result of the driving operations. The 
shear strengths based on nominal di- 
ameters were appreciably greater than 
those based on actual diameters. 
Hardness surveys were made of the 


determine the transition temperatures, 
The latter tests indicated the following 
transition temperatures: 


Plain carbon steel, after driving... ... 57 F 
Alloy steel, before eee —170 F 
Alloy steel, after driving............ — 90F 


| 
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In each case, the transition temperature 
was obtained from a plot of energy load 
versus temperature and was defined to be 
the temperature at which 20 ft-lb of 
energy was required to rupture a speci- 
men. The impact tests showed that the 
alloy rivet steel had a high notch resist- 
ance before and after driving. 

A chemical analysis was made of the 
undriven rivet materials (Table VII). 


TABLE VI SHEAR STRENGTHS OF 
THE DRIVEN AND UNDRIVEN RIVETS. 


Average. St th, 
Shear, pal 
Series of 
‘Type Driven 
Actual 
Diam Actual} Nominal 
Diam Diam 
Alloy 56 100 
B... Carbon 44 600 wie 
Allo 56 100 
6.42 Car' 43 300 40 500 44 700 
All 59 800 57 500 66 500 
| Cari 39 700 43 600 50 900 
Alloy 59 900 58 600 67 400 


%-in. diameter rivet. 


The static tension tests were conducted 
in a Southwark-Emery testing machine 
having a 1,000,000-lb capacity. The load 
on a joint was applied in equal increments 
until failure occurred either in the main 
plate of the joint or in the rivets. If 
failure first occurred in the rivets, the 
broken rivets were removed and in 
several cases were replaced with high- 
strength bolts. The joint was then re- 
loaded until failure occurred in the main 
plate. Measurements were made of the 
slippage between the center and side 
plates of a joint by means of Federal dial 
gages reading to 0.0001 in. Two gages, 
one on each edge of a joint, were located 
at the mid-section of the joint. 

In Table VIII are given the ultimate 
load, the location of failure, and the type 
of fracture for each joint. In general, the 
joints of series A with #-in. diameter 
rivets failed in the main plates. Each of 
the latter specimens had one sheared edge 


TABLE VII.—CHEMICAL COMPOSITION OF THE UNDRIVEN RIVET MATERIALS. 


Composition, per cent 


Type of 
Rivet Steel 
Cc | Ma P s Si Ni Cr | Mo | Cu v Al 
COPROR. 00 ccccececes 0.14 0.44 0.012 | 0.030 | 0.01 0.05 0.04 0.01 0.18 0.005 cose 
Alloy... cccccccoves 0.06 0.50 0.020 | 0.016 1.09 1.29 0.07 0.04 0.68 | 0.005 0.13 
Static TENSION TESTS oF Jornts’ and one rolled edge except specimens 


The joints of series A were tested in 
static tension to determine the ultimate 
strengths, load-slip characteristics, and 
shear stresses at first major slips of joints 
fastened with the alloy steel rivets. Three 
rivet diameters and four rivet patterns 
were considered for this series of joints. 
Since a high strength was obtained for 
the alloy steel rivets, a ratio of tension to 
shear to bearing of about 1.00 to 1.25 to 
1.80 was selected for the joints of series A. 
Specimens, duplicates of those tested in 
fatigue, were also tested in static tension. 
The latter series of tests were made to 
relate the results of the static tension 
tests to those of the fatigue tests. 


A4R6 which had rolled edges. The speci- 
mens with {- and 1-in. diameter rivets 
had machine flame-cut edges and failed 
by shearing in the rivets. The results for 
the joints of series A which failed in the 
main plates are summarized in Fig. 5. 
The average ultimate stresses on the net 
sections of these joints are plotted versus 
the ratios of net area to gross area and 
of edge distance to diameter of rivet. 
For these joints, the average ultimate 
stresses decreased with an increase in the 
above ratios. The ratios of tension to 
shear to bearing of these joints were 
about the same. For the specimens which 


failed in the rivets, the minimum shear- 


= 
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TABLE VIII.—RESULTS OF STATIC TENSION TESTS FOR THE BUTT JOINTS. 


Stresses at of 
timate Load, psi ure, per cen 
Rivet Ultimate Location 
Diameter, Type » of Initial ——| Condi- 
in. vies psi Tension* | Shear’ | Pe Failure Cleav- tion® 
(Net (Nom. Shear| 
Area) Area) > 
Serres A—1.00:1.25 Tension: SHEAR Ratio 
Alloy 68 600 | 61 400 Main Plate 50 50 A 
2 Alloy 500 75 300 Rivets A 
3 Alloy 70 300 79 600 Rivets A 
68 500 77 400 
Alloy 130 000 58 800 Main Plate Qo | 100 A 
2 Alloy 127 200 57 600 Main Plate 0 100 A 
3 Alloy 127 500 57 700 Main Plate 20 80 A 
Average ; 128 200 58 000 
A4L6-1 Alloy 237 000 53 000 Main Plate | 0 100 A 
2 Alloy 000 53 700 Main Plate 0 100 A 
3 Alloy 245 000 800 Main Plate 100 A 
Average 241 000 | 53 900 
A4R6-1 Alloy 243 000 400 Main Plate | 60 40 B 
2 Alloy 248 000 55 400 Main Plate | 5 95 B 
3 Alloy 246 000 | 55 000 | Main Plate | 75 25 B 
Average 246 000 | 55 000 
A2L7-1 y Alloy 173 100 72 200 Rivets c 
Alloy 176 200 73 400 | Rivets | Cc 
3 Alloy 172 800 72 000 Rivets | 3 
Average 174 000 72 500 
AAR7-1 Alloy | 338 000 70 400 Rivets c 
2 Alloy 353 500 73 600 Rivets Cc 
3 Alloy 349 000 | 72 700 Rivets Cc 
Average 347 000 72 300 
A2L8-1 1 Alloy 208 000 66 700 Rivets Cc 
2 1 Alloy 225 000 72 200 Rivets Cc 
3 1 Alloy 000 67 000 Rivets Cc 
Average 214 000 600 | 
A4R8-1 1 Alloy 433 000 500 Rivets Cc 
2 1 Alloy 422 000 67 600 | Rivets Cc 
3 1 Alloy 437 500 70 000 | Rivets Cc 
Average 431 000 200 | 
Series B—1.00:0.75 Tension: SHEAR RATIO 
B4R1-C 5) Carbon 160 000 60 000 70.8 Main Plate 0 100 Cc 
B4R1i-A Alloy 161 000 60 300 71.3 Main Plate 0 100 Cc 
Average 60 200 71.0 
Serres C—1.00:0.75 Tension: SHEAR RATIO 
C4R4-C | 4 Carbon | 194 500 72 800 45 600 83.0 Rivets 0 100 Cc 
C4R4-A Alloy 193 000 72 300 82.4 Main Plate 0 100 Cc 
Average 72 600 82.7 
Serres D—1.00:1.26 Tenston:SHear Ratio 
| 17 000 | 70800 | so100 | 85.5 | Rivets 2 
D4R2-A 4 Alloy 335 000 74 900 76 500 90.5 Rivets 40 | 60 Cc 
D4R2-B % Alloy 317 000 70 800 74 100 85.5 Rivets 20 | 380 Cc 
D4R3-A 4 Alloy 326 000 72 800 70 700 88.0 Rivets 30 | 70 Cc 
Average | 72 300 | 73 800 87.4 | 
Failure in main plate. 


» Failure in double-shear of rivets. Shear stresses 
© A = one edge sheared and one edge rolled. B = 


based 
both edges rolled. 


on nominal diameters of rivets. 


C = both ed 


ges machine flame cut. 


= 
r 
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ing strength of the alloy steel rivets was 
66,700 psi. This is the same arder of 
magnitude as that reported for other 
rivet steels meeting ASTM Specification 
A 195,? 

Efficiencies were obtained for the joints 
of series B, C, and D. In Fig. 6, the 


in strain of the side plates and the main 
plate of a joint. At this stage the load 
was resisted by friction between the 
plates. In range 2, the friction was over- 
come and the plates slipped until the 
rivets came into bearing. At this stage a 
major slip occurred and was accompanied 


Ratio Of Net Area To Gross Area 


Fic. 5.—Summary of Static Tension Tests for Joints of Series A. 
Tension:shear:bearing ratios ~ 100:1.25:1.80. 


experimental efficiency of each of these 
joints is plotted versus the theoretical 
efficiency. For the joints having drilled 
holes, an increase in the theoretical 
efficiency was accompanied by an in- 
crease in the experimental efficiency. The 
experimental efficiencies of the joints with 
drilled holes were greater than 82 per 
cent. The experimental efficiencies of the 
series of joints having punched holes 
were appreciably less than those of the 
series having drilled holes. 

In Fig. 7 are shown curves which 
relate average shear stresses to measured 
slips for the various joints. The plotted 
values of slip are the averages of the slips 
indicated by two dial gages. For ease of 
comparison, separate groups of curves 
are drawn for the various types of joints. 
The behavior of each joint can be de- 
scribed for four ranges of loading as 
suggested by Davis, Woodruff, and Davis 
(6). In range 1, the slippage was small 
and was principally due to the differences 


66 000 - 
a | | Failure Of Rivets | 
=a © Failure In Main Platet— Length Of Grip | 
60 q __| Gomputed Averages Rivet Diameter 3/4 In 
000 Length Of Grip 1! 3 ¢In | T 
60000} 
=° 58 000}-8 = 
o2 56 +$ 
= ° 
a 52 000 

50 60 70 10) 4 5 


Ratio Of Edge Distance To 
Diameter Of Rivet 


| 

4 75 76 77 78 79 
THEORETICAL EFFICIENCY, x 100) 


Fic. 6.—Efficiencies for Joints of Series B, C, 
and D. 


by an audible “pop.” As the load was 
increased, successive poppings were heard 
until failure occurred. In range 3, the 
rivets and plates seemed to deform 
elastically, and the load-slip relationship 
was approximately linear. In range 4, 
yielding of the rivets and plates occurred 
until the joint failed. 


— 


A summary is given in Fig. 8 of the 
shear stresses at which the first major 
slips occurred for the various joints. (The 
specimen designation used in Fig. 8 is 
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ing stresses for these sizes of rivets. 
The average coefficient of friction for the 
joints of series A and B was 1.02. This 
high coefficient may have been the result 


= 


AILE [42.6 


| 
“| Series B, C, and 


Sheor Stress, psi 


30000 
'B4RI-C 


(04R2-C 


— 


given in Figs. 2 and 3.) The designation 
indicates the series, the rivet pattern, 
and the size and type of rivet. The values 
of the shear stresses at which the first 
major slips occurred were greater for the 
joints of series A having four #-in. rivets 
in a line than for the joints of series A 
having a single ?-in. rivet. The shear 
stresses at first major slip were less for 
the joints with the alloy steel rivets 
having a j- or 1-in. diameter than for the 
joints with alloy steel rivets having a 
3-in. diameter. 

Apparent coefficients of friction were 
determined for the joints with 2-in. rivets 
and are shown in Fig. 9. The coefficients 
were computed as ratios of the shear 
stresses at first major slips to the average 
clamping stresses of the rivets. The co- 
efficients for the joints with ]- or 1-in. 
rivets could not be determined as no 
tests had been made to obtain the clamp- 


Average Slip of Joint in Vigo In. 


— Fic. 7.—Shear Stress versus Slip for the Various Butt Joints. 


_ 30000F Type of Rivet: Carbon Steel 2 
a Alloy Steel & 
25000} 
% 20000 
S 15000- I}. 
£ 10000 
2 5000+ 
= 
Fic. 8.—Shear Stress at First Slip for the Var- 


ious Joints. 


of the rivets being partially in bearing 
and of the plate surfaces being rough and 
slightly rusted. The average coefficient 
for the joints of series C and D was 
0.56. 
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Fic. 9.—Coefficients of Friction for Joints with 
3-in. Rivets. 


80,000-Ib¥capacity fatigue machine. 
Fic. 10.—Machines Used for Fatigue Tests. 


FATIGUE TESTS OF SERIES B, C, AND D 


Several ranges of zero to tension cycles 
of loading were considered for the butt 
joints of series B, C, and D. Each joint 
of these series was fastened with four 
3-in. diameter rivets arranged in a 
rectangular pattern. For each series, both 
kinds of rivet steel were considered. 
Series B and C were intended to deter- 
mine the effect of the kind of rivet steel 
and the length of grip on the fatigue 
strength of joints having a ratio of 
tension to shear of about 1.00 to 0.75. 
Series D had a ratio of tension to shear 
of 1.00 to 1.26 and was intended to ex- 
plore whether a change in the ratio of 
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TYPE OF RIVET: CARBON STEEL 2 tension to shear would affect the fatigue 


strength of joints fastened with the alloy 
steel rivets. 

The fatigue tests were conducted in the 
80,000-Ib and 250,000-lb capacity 
machines shown in Fig. 10. The frequency 
of loading was about 200 cycles per 
minute for each fatigue machine. The 
load on a specimen was indicated by a 
dynamometer which had been calibrated 
for static loads by means of a standard 
rectangular specimen. A check was made 


(b) 250,000-lb capacity fatigue$machine. 


of the calibration while the machines 
were in operation. Limit switches were 
provided to shut off the machines when 
the elongations of the specimens ex- 
ceeded a certain amount. Measurements 
were made of the cyclical slippages 
occurring between the main plate and 
side plates of each joint. One gage was 
mounted on each edge of a specimen and 
was located at a section midway between 
the two rows of fasteners. 

The results of the fatigue tests are 
summarized in Fig. 11. The fatigue 
strengths of the riveted joints increased 
with an increase in clamping force and 
with an increase in grip. At a 1;%-in. 
grip, the fatigue strengths of the joints 


ST 


fastened with the alloy steel rivets were 
about the same as those of similar joints 
fastened with the carbon steel rivets. 
However, at grips of 1}$ and 47, in., the 
fatigue strengths of the joints fastened 
with the alloy steel rivets were greater 
than those of similar joints fastened with 
the carbon steel rivets. An increase in 
the clamping force resulted in an increase 
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steel rivets, and the other two joints 
were fastened with the alloy steel rivets. 
The cyclical slippages of all joints were 
negligible and did not exceed 0.005 in. 


CONCLUSIONS 


1. The alloy rivet steel reported 
herein meets the strength requirements 
of the ASTM Specification A 195 and 
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Fic. 11.—Results of Fatigue Tests for Joints of Series B, C, and D. 


in the fatigue strengths of the joints. A 
decrease in the ratio of tension to shear 
of joints fastened with the alloy steel 
rivets can apparently result in a decrease 
in the fatigue strengths of the joints. 

In general, fatigue fractures of the 
joints occurred at the net sections of the 
main plates. Four joints of series D failed 
in fatigue of the rivets. The latter joints 
had a 142-in. grip, a ratio of tension to 
shear of 1.00 to 1.26, and were tested at 
a 0 to +27,000 psi range of stress. Two 
of the four joints which failed in fatigue 
of the rivets were fastened with carbon 


can be driven as easily and quickly 
as ordinary ASTM Specification 
A 141 — 52 T® carbon steel rivets. 

2. The clamping stress of the alloy 
steel rivets having a 3-in. diameter in- 
creases with an increase in grip and is 
greater than that reported for other 
rivets meeting the ASTM Specification 
A 195. At lengths of grip such as 1} in., 
the average clamping stress of the alloy 
steel rivets having a ?-in. diameter is 


5 Tentative Specification for Structural Rivet Steel 
as - 52 T), 1952 Book of ASTM Standards, Part 1, 
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about the same as that of carbon steel 
rivets. However, at a 4-in. grip, the 
average clamping stress of the alloy steel 
rivets is considerably greater than that 
of carbon steel rivets. 

3. The degree of hole filling and the 
ductility of the alloy steel rivets are 
about the same as those of carbon steel 
rivets. 

4. The minimum shearing strength of 
butt joints fastened with the alloy rivets 
is of the same order as that reported for 
other rivet steels meeting the require- 
ments of ASTM Specification A 195. 
The minimum shearing strength of the 
joints fastened with the alloy rivets was 
66,700 psi. 

5 The fatigue strengths of joints 
fastened with hot-driven rivets increase 

oak 
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with an increase in clamping force and 
with an increase in grip. 

6. A decrease in the ratio of tension to 
shear of joints fastened with hot-driven 
rivets can result in a decrease in the 
fatigue strengths of such joints. 
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Mr. SamMvueEL Epstern.'—Northwest- 
ern University had for some time been 
conducting a study of riveted joints, and 
when the investigators heard about the 
new high-strength rivet steel they under- 
took the study reported in this paper. I 
think they have done a very excellent 
piece of work; they have shown that this 
high-strength rivet, which gives a higher 
clamping force than the usual high- 
strength rivets in commercial use, also 
results in high fatigue strength in the 
joint. 

Metallurgically the higher clamping 
force is obtained by preventing the 
formation of a hardened constituent in 
the rivet underneath the rivet head. The 
driving temperature of the rivet may be 
around 2100 F. When the hot rivet is 
chilled by the cold plate into which it is 
driven, some hardened constituent may 
form in the rivet underneath the rivet 
head, even if the carbon content is not 
very high. The formation of the hardened 
constituent is accompanied by an expan- 
sion which results in loosening, and hence 
lowered clamping force. In the new high- 
strength rivet steel the carbon and man- 
ganese contents were kept as low as 
practicable, the higher strength being ob- 
tained through silicon, nickel, and alumi- 
num additions, with the avoidance of 
manganese and chromium, so as to min- 
imize the chance of the formation of a 
hardened constituent in the hot-driven 
rivet. 

I should like to ask whether it would 
be more advantageous to use high- 
strength bolts instead of high-strength 


1 Research Engineer, Bethlehem Steel Co., Bethlehem, 


rivets, or in which direction the advan- 
tage might lie under different conditions. 

MEssrS. FRANK BARON AND EpwArD 
W. Larson, JR. (authors’ closure).—The 
high-strength bolts which Mr. Epstein 
mentioned have certain advantages and 
disadvantages when compared with high- 
strength rivets. The major advantage of 
the high-strength bolt arises from the 
higher clamping forces they can develop 
as compared with any hot-driven rivets. 
As a result of the higher clamping forces, 
bolted joints have a greater fatigue 
strength than the riveted joints. The 
higher fatigue strength is partuclarly 
noticeable at short lengths of grip. 

The major disadvantage of the joint 
fastened with high-strength bolts is the 
large amount of slippage that can occur 
once the frictional resistance of the joint 
is overcome. This large amount of slip- 
page is a result of the clearance between 
the bolt and the inside of the bolt holes. 
This clearance is essential for ease of 
fabrication and would be extremely 
difficult to reduce. In a riveted joint most 
of this initial clearance is filled when the 
rivet is driven. 

Thus, the question as to whether it 
would be more advantageous to use high- 
strength bolts instead of high-strength 
rivets may have a different answer de- 
pending upon the structure for which 
the joint is being considered. It is realized 
that further improvements are needed, 
especially a rivet which has a high clamp- 
ing force at short lengths of grip. When 
such a rivet is obtainable, high-strength 
riveted joints may prove to be an even 
more desirable type of connection than 
es are at present. 
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THE INFLUENCE OF STRAIN RATE AND TEMPERATURE ON THE 
STRENGTH AND DUCTILITY OF MILD STEEL IN TORSION* 


By C. E. Worx! anp T. J. Dotan! 


SYNOPSIS 


An experimental study was made to determine the effect of elevated tem- 
peratures and rate of strain on the strength and ductility of SAE 1018 steel in 
torsion. Cylindrical specimens 0.25 in. in diameter were tested at four different 
constant strain rates from 0.0001 in. per in. per sec to 12.5 in. per in. per sec 
and at room temperature, 400, 700, and 1000 F. Two series of tests were con- 
ducted: (a) Specimens were held at the test temperature for one-half hour 
before loading, and (b) Specimens were given a 200-hr aging treatment at 
the test temperature before testing. 

Torque, angle of twist, and time were continuously recorded and the 
torsional properties determined. The detailed results are presented in three- 
dimensional charts and analyzed in terms of mechanisms altering the material 
behavior. In general, it was found that an increase in strain rate caused an 
increase in strength, whereas an increase in temperature reduced the strength 
except in the blue-brittle temperature range. Extremely great ductility was 
observed at the highest temperature (1000 F), particularly at the slower 
rates of straining. The 200-hr aging treatment had no appreciable effect on 
the properties observed. 

The experimental observations were compared with several theories that 
have been proposed to express mathematically the effects of strain rate and 
temperature on mechanical properties. By proper selection of empirical 
constants, several equations involving a general relation for flow stress or 
parameters of a “temperature-modified” strain rate or a “‘velocity-modified” 


temperature expressed approximately some of the variations obtained in — 


mechanical properties. 


The current needs for operation of 
structural elements at elevated tempera- 
tures accompanied by sudden loading 
emphasize the importance of determining 
the influence of strain rate and tempera- 
ture on structural materials. What 
constitutes the most appropriate test to 
determine the properties significant in 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Assistant Professor and Research Professor, respec- 
tively, Department of Theoretical and Applied Mechan- 
ics, University of Illinois, Urbana, Ii. 


design? The answer is not obvious 
since each test has certain disadvantages 
and limitations. 

Published papers describe numerous 
experiments and propose several theories 
that contribute a partial understanding 
of the alterations in properties caused by 
changing the rate of loading or the 
temperature. Tension tests have been 
widely used, and bending tests have been 
employed frequently in impact studies. 
However, torsion tests also offer distinct 
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advantages in adaptability to a .wide 
range of strain rates and continuous 
recording of results. Torsion tests are 
particularly advantageous in studying 
inelastic deformations because the length 
and diameter of the specimens remain 
nearly constant during twisting to frac- 


Mi, Mz—electric motors 

Rr—speed reducers (50:1) 
Rs—speed reducer (67-1/2:1) 

F—electric furnace 

C—coupling 


Fic. 1.—Torsion Testing Machine Set Up for the Slowest Rate of Loading. 


ture. There is no localization of strain 
due to necking as in tension testing nor 
due to a notch as in Charpy bending 
tests. Thus the strain rate in torsion can 
be more readily controlled throughout 
the duration of the test. 

Special instruments and equipment 
were developed at Illinois for torsion 
tests that made it possible to cover a 
very broad scope of both variables in 
the present investigation. Strain rates 
covered a range of more than five orders 
of magnitude and ambient temperatures 
from room temperature up to 1000 F 
were employed. 


ScoPpE OF INVESTIGATION 


This paper describes the results of an 
experimental study of the effect of the 
two parameters, temperature and strain 
rate, on the mechanical properties of 
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SAE 1018 steel (received in the form of 
§ in. hot-rolled bars) subjected to the 
biaxial state of stress caused by torsion. 
The chemical analysis of the steel was 
C 0.16, Mn 0.75, P 0.012, S 0.024, Si 
0.04, and the average static tensile 
properties based on tests of three 


W—Flywheel 
P—Flywheel pins 
A—Loading arm 
S—Solenoids 

O— Audio-oscillator 


specimens } in. in diameter were as 
follows: 
Yield point 


38,300 psi 

37, 300 psi 
Elongation (in 1 in.) ..............36 per cent 
69 per cent 


Four rates of torsional strain, differing 
by factors of 50 to 1, were selected to 
produce the following nominal rates of 
shearing strain for the specimens tested: 
0.0001, 0.005, 0.25 and 12.5 in. per in. 
per sec. These are numbered speeds 1, 
2, 3, and 4, respectively, in this 
discussion. 

Torsion tests were conducted at room 
temperature, 400, 700, and 1000 F. For 
one series, specimens were held at 
temperature for one-half hour before each 
test began. A second series was also 
conducted with specimens given a 200-hr 
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Fic. 2.—Oscillograph Records for Tests of SAE 1018 Steel at 400. 


Paper speed changed at A in top section; time interval between dots was 1.4 min from A to B. 


aging treatment at the same elevated 
temperature at which they were subse- 
quently tested. Three specimens were 
tested for each condition of strain rate 
and temperature. 

The special apparatus and instruments 
illustrated in Fig. 1 were employed to 
twist the specimens at the desired rates 
and temperature and to record con- 
tinuously measurements of torque, angle 


of twist, and elapsed time. The specimen, 
enclosed in the furnace F in Fig. 1, is 
coupled to the flywheel W through the 
loading arm A and the pins P. The 
motor M, drives the flywheel through a 
series of speed reducers Ri, Ro, and R; 
for the lowest strain rate. To obtain each 


-higher strain rate, one reducer was 


removed from the system and the motor 
moved up to drive the next. For the 
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fastest speed, all reducers were un- 
coupled and an auxiliary motor M2 
was employed to accelerate the flywheel 
to the test speed. 

The right end of the specimen was 
gripped in one end of a torque “weigh- 
bar.” Variable-resistance type wire gages 
mounted outside the furnace on the 
surface of the weighbar formed a bridge 
for measuring the torque. The torque 
and the output from the various twist 
measuring instruments employed were 
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Fic. 3.—Combined Effect of Rate of Strain 
and Temperature on the Modulus of Rupture 
of SAE 1018 Steel in Torsion. 


continuously recorded on photosensitive 
paper in a galvanometer-type oscillo- 
graph. Figure 2 shows samples of records 
obtained in tests at 400 F at each strain 
rate. A detailed description of this 
equipment will be published elsewhere 
(16) and specific details will not be 
repeated here. 

The data scaled from each record 
obtained were plotted in the form of 
torque-twist curves, and the torsional 
properties were determined for each 
specimen. In general, only the average 
values obtained for each group of three 
specimens are plotted in the results 
shown in'this paper. 


* The boldface numbers in ernie refer to the 
list of references appended to this paper, see p. 625. 
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The torsion specimens were reduced to 
3 in. in diameter over a length of almost 
two inches. Large radius fillets at the 
ends of the reduced section and a gradual 
relief of 0.003 in. in the central 1-in. 
test section were necessary to prevent 
the fracture from occurring at the root 
of the fillets or at the set screws that 
were used to attach twist-measuring 
devices in room-temperature tests. 

The yield strength corresponding to 
0.2 per cent shear strain offset and the 
modulus of rupture were arbitrarily 
computed according to the ordinary 


0.0001 1010" 
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Fic. 4.—Combined Effects of Rate of Strain 
and Temperature on the Shearing Yield 
Strength of SAE 1018 Steel in Torsion. 


torsion formula r = Tc/J. In instances 
where a sudden drop in the torque was 
observed at the beginning of yielding, 
upper and lower yield points were 
determined. The lower yield point, when 
observed, was plotted instead of an 
offset yield strength. 

The shearing strain y was computed 
from the angle of twist @ in radians 
within the 1-in. gage length / and for a 
radius ¢ by the relation: y = c6/l. 
Application of this relation for de- 
termining strains for large angles of 
twist may be questioned (9). However, it 
is considered to give an accuracy 
consistent with other assumptions on 
which the present calculations are based 
and is useful here because of its 
simplicity. 
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The values of “energy absorbed” were 
obtained by integrating graphically, by 
use of a planimeter, the area under the 
torque-twist curve. These values repre- 
sent the /ofal energy to fracture for the 
1-in. gage length and not the energy per 
unit volume as usually reported for 
tension tests. Because of the radial 
gradient of strain in the torsion 
specimens, the energy absorption per 
unit volume would be highest in the 
material”at the circumference and less 
for points*nearer the axis. 
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Fic. 5.—Combined Effects of Rate of Strain 
and Temperature on the Yield Point Ratio for 
SAE 1018 Steel in Torsion. 


EXPERIMENTAL RESULTS 
Fic. 6. 


The final results were plotted in the 
form of three-dimensional graphs and 
other charts (Figs. 3 to 9) illustrating 
the variation of torsional properties with 
the strain rate and temperature. 


Strength: 


The experimental results plotted in 
Fig. 3 show that, for tests at room tem- 
perature and at 400 F, the modulus of 
rupture was not affected by pronounced 
changes in the strain rate. At 700 F there 
was a decrease of only about 10 per cent 
in modulus of rupture at the lowest strain 
rate compared to the highest. However 
for the slowest tests at 1000 F, the 
modulus of rupture was less than half 
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that observed at the highest strain rate. 
Probably 1000 F was sufficiently high to 
allow a substantial amount of softening 
or recrystallization; at the slower strain 
rates, this process had added time to 
progress more completely. 

As may be expected for strain-aging 
steel, the modulus of rupture was higher 
at temperatures around 400 F than at 
any other temperature. The strength 
was progressively lower for temperatures 
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—Combined Effects of Rate of Strain 
rature on the Total Shearing Strain of 
Steel in Torsion. 


and Tem 
SAE 101 


above 400 F, the minimum strengths 
being observed at 1000 F at the lowest 
strain rate. 

The yield strength, Fig. 4 (or par- 
ticularly the upper yield point), was 
more sensitive than the modulus of 
rupture to change in strain rate at the 
lower temperatures. Initial yielding in 
this type of steel is through development 
and propagation of Liiders bands, which 
is a time-dependent phenomenon. For 
more rapid loading or lower tempera- 
tures, the elastic strengths were 
increased. 

The yield point ratio (defined here as 
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the ratio of upper to lower value of 
torque in cases where yielding was 
accompanied by a sudden drop in the 
torque) showed considerable sensitivity 
to both temperature and time (Fig. 5). 
It is well known that the upper yield 
point (and hence the ratio) is also 
affected by factors other than speed and 
temperature. The yield point is generally 
considered to be related to strain aging 
and is associated with the presence of 
carbon and nitrogen in the steel. The 
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Fic. 7.—Effect of Temperature on the Total 
Shearing Strain of SAE 1018 Steel in Torsion. 


detailed mechanism which results in the 
observation of a yield point is, however, 
not clear. 


Ductility: 


The ductility as measured by the total 
shearing strain was found in general to 
be influenced sharply by the blue- 
brittleness effect at intermediate tem- 
peratures. These trends are illustrated 
in Figs. 6 and 7. A reduction of ductility 
as a result of blue brittleness is indicated 
by the valley extending diagonally 
across the three-dimensional plot in 
Fig. 6. The hill in the background 
indicates the sharp increases in ductility 


observed when temperatures were in- 
creased above the blue-brittleness tem- 
perature. The slopes in the foreground 
were less pronounced illustrating less 
variation in ductility for temperatures 
below the blue-brittleness range. 
Quantitatively, this variation in duc- 
tility was from about 2.5 in. per in. 
shearing strain for all strain rates at 
room temperature to minima ranging 
from 0.9 in the slow tests to 1.6 in fast 
tests at the blue-brittleness tempera- 
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Fic. 8.—Shift of Blue-Brittleness Temperature 
for Steel with Change of Strain Rate. 


tures. Maximum values of strain were 
observed at 1000F, but ranged from 
three in the high speed test to about ten 
at the slowest speed. 

The zone of minimum ductility cov- 
ered a fairly wide band of temperatures 
for any strain rate; in Fig. 7 the minimum 
point for one set of data might be chosen 
anywhere within a range of a hundred or 
more degrees. An increase in strength 
frequently accompanies the loss in duc- 
tility in this temperature range but was 
not observed to be pronounced in these 
experiments. 

Blue brittleness is considered to be the 
result of strain aging (3, 8) and the 
temperature at which it occurs is a 
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function of the rate of straining. Figure 
8 shows the temperature for minimum 
ductility from the curves in Fig. 7 
plotted versus rate of strain. For the 
sake of comparison, a few points ob- 
tained from other tension and torsion 
tests (7, 13) are also included in Fig. 8. 
Data from all three sources fall within 
the same general scatter band repre- 
sented by the dashed lines. The general 
trend of this scatter band can be ex- 


pressed mathematically in the form 


where: 

A, B, and C = constants, 

+ = shearing strain rate, and 

Tr = absolute temperature in Rankine 
units. 

Evaluating the constants for the solid 

line in Fig. 8, we find A = 1.77 X 10", 


B = 3.25 X 14%,¢ = nA = 28.2. 
Equation 2 then becomes 
32,500 

Tr= 282 (3) 


Other investigators (3) report qualitative 
agreement that the blue-brittle tempera- 
ture increases with rate of strain, but in 
most cases the actual rates of strain are 
not reported. The scarcity of strain rate 
data is probably due to the fact that it 
is difficult to determine reliably the 
actual rate of strain in the bending im- 
pact test or in tension tests in which 
necking occurs. 


Effect of the Aging Heat Treatment: 


There was no reason to expect the 
200-hr aging treatment to have a marked 
effect on this steel. The only possible 
change might be a quench aging resulting 
from air cooling after the hot-rolling 
operation that would be accelerated 
slightly by the 200-hr heating. 


Average values for specimens heated 
to the test temperature for 200 hr in 
advance of the actual test are plotted as 
open circles in Figs. 3, 4, 5, 6, and 9, 
whereas the data for unaged specimens 
are plotted as solid circles. 

Comparisons of the aged and unaged 
specimens in Figs. 3, 4, and 6 indicate 
that if an aging effect were present, it 
was too small to be distinguished from 
the normal scatter inherent in the experi- 
mental measurements. The apparent dif- 
ferences in ordinates observed in Fig. 6 
between aged and unaged specimens 


0000! oo! 


\ 2 3 4 
Speed 
Fic. 9.—Combined Effects of Rate of Strain 


and Temperature on the Energy Absorbed in 
Specimens of SAE 1018 Steel in Torsion. 


tested at 1000 F are probably the result 
of plotting averages, each based on two 
or three events which are part of a 
widely distributed population. For ex- 
ample, when the individual specimens 
tested at 1000 F were compared, wide 
scatter was observed. It appeared likely 
that any apparent difference between the 
averages for the aged and unaged speci- 
mens was probably less than the statisti- 
cal or chance variations exhibited by the 
individual specimens. Since large varia- 
tions in total strain occurred for the slow 
loading at 1000 F, more than three sam- 
ples were needed for the mean value to 


_Tepresent a reliable average. The scatter 4 


in the total strain measured for individ- 
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ual specimens at the three lower temper- 
atures was very much less than that ob- 
served at 1000 F. 

The few effects of aging on the yield 
point ratio apparent in Fig. 5 also are 
probably due to chance, since any devia- 
tions which occurred were exaggerated 
by subtraction of two numbers of the 
same relative magnitude (Y.P. Ratio 
—1). The shapes of the torque-twist 
diagrams in the region of initial yielding 
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responding angle of twist, 0, expres 
in radians, is: — 
» ? 
Total energy absorbed, in torsion 
= (4) 
0 


i. 
The integral represents the area under 
the torque-twist diagram up to the twist 
6,. For the shapes of diagrams obtained 
for the low-carbon steel, the absorbed 
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were not noticeably altered by the 200-hr 
heat treatment. 


Energy Absorption: 

The relative energy absorbed by a 
specimen under the different testing con- 
ditions varied as a combination of the 
trends observed for the influence of 
strain rate and temperature on the 
modulus of rupture and on the maximum 
strain. This follows directly because the 
relationship of the energy absorbed to 
the twisting moment, 7, and the cor- 
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Fic. 10.—Torque-Twist Curves for Fourth Speed Torsion Tests of SAE 
1018 Steel at Four Temperatures. 
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energy varied in proportion to the 
product of the maximum torque and the 
total angle of twist to fracture. There- 
fore, discussions of relative strength and 
ductility can be extended to apply to the 
relative energy absorption for the various 
testing conditions. 

The influence of temperature and 
strain rate on the energy absorbed in 
fracturing specimens is illustrated in 
Fig. 9. Because any change in tempera- 
ture or strain rate produced opposite 
effects on ductility and strength (a large 
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increase in ductility was modified by a 
decrease in strength), no conspicuously 
large values of absorbed energy were 
observed. 


Shape of the Torque-Twist Curves: 


Figure 10 illustrates the effect of 
elevated temperatures on the shape of 
the torque-twist curves for the‘ highest 
strain rate.* 

The mode of fracture progression con- 
trolled the shape of the final portion of 
the torque-twist curves. At the lower 
temperatures the failure was sudden and 
the torque dropped to zero almost in- 
stantaneously. At higher temperatures 
and slower speeds the final failure was 
less rapid and the records showed that 
the torque gradually tapered off to zero. 

Continuous torque recordings at 400 
(Fig. 2(top)) and at 700 F exhibited the 
erratic torque, characteristic of ‘the 
material behavior in the blue-brittle 
range. This recurring process of build up 
and sudden drop of torque would not be 
so clearly observed in larger specimens 
where an averaging tendency masks out 
the individual jumps. Hall (4) watched 
this process in thin strip specimens and 
could trace the advance of a Liiders 
band with the drop in stress followed by 
a build up as soon as one band was ar- 
rested. When the stress reached a suf- 
ficiently large magnitude, a new Liiders 
band darted through the metal, etc. 
This phenomenon is observed only for a 
limited range of combinations of temper- 
atures and strain rates; it is undoubtedly 
related to the rates of strain aging and of 
slip within the crystal structure. Portions 
of records from torsion tests are shown 
for all four strain rates at 400 F in Fig. 2. 
The appearance in the recording of the 
irregularities is influenced by the rate of 


* At the slower speeds of straining, less drop in torque 
was observed at the yield point; a somewhat greater 
decrease in torque occurred after themaximum was 
early in the test, and there were Ce pan a variations 
in strength and ductility as discussed earlier. 


travel of the paper in the camera of the 
oscillograph as compared with the rate of 
strain in the specimen. The torque scale, 
the time intervals, and the twist incre- 
ments are labeled to aid in interpreting 
these records. 


CORRELATION OF STRAIN RATE AND 
TEMPERATURE EFFECTS WITH 
MATHEMATICAL THEORIES 


It appears probable that no complete 
and acceptable theory can be developed 
to express all the complex effects of 
strain rate and temperature on the me- 
chanical properties of structural metals. 
Nevertheless, it was felt desirable to in- 
vestigate the usefulness of several pro- 
posed relationships in expressing mathe- 
matically the variations observed in these 
experiments. 


Simplification Used: 


Theoretical considerations for correla- 
tion of data of this type are usually in- 
tended to determine mathematical ex- 
pressions relating the flow stress to the 
strain, rate of strain, temperature and 
certain material constants. The equations 
developed are generally stated in terms 
of the “true” stress. However, it was 
more convenient here to work in terms 
of applied torque instead of stress. Arbi- 
trary substitution of torque for shearing 
stress did not seem justified since the — 
two are not equal or even proportional 
during plastic deformation. 

For the plastic range, Eq 21 of the 
Appendix can be used to evaluate the 
shearing stress at the surface of a speci- 


men. This equation for the shearing stress 


7 includes a constant coefficient K’ = 
3c, a term involving the torque 7, and 
a term involving another variable torque 
To. 


t= K'(4T — T).......... (5) 


Computations showed that for a oo 
or constant @ (of the magnitudes ex- 


amined in the following sections), the 
amount by which 7» differed from being 
proportional to T was small enough com- 
pared to 4T that valid observations for 
the plastic range were possible by using 
the following simplification:* 


In order to substantiate this reason- 
ing, the same types of plots as those 
shown in Figs. 11 to 14 were constructed 
for representative sample conditions. 
The curves resulting showed the same 
trends and scatter when values of the 
torque T were plotted as when the more 
rigorous analysis employing values of 
the shearing stress r were used. 


Equivalent Strain Rate Parameter: 


A quantitative relation between the 
effects of temperature and strain rate 
has been suggested by Zener and Hollo- 
mon (18). The flow stress o at a given 
strain e was expressed by the function 


4 


where: 

é = strain rate, 

R = universal gas constant, and 

Q = constant depending on the material. 
For low temperatures Q has been meas- 
ured (6) to be about 10,000 cal per g-mol 
for several steels, and since R is 1.987 
cal per deg-mol, the exponent becomes 
roughly 5000/T. In terms of shearing 
strain rate, the parameter P then has 
the value 


Here P is a strain rate modified by a 
dimensionless coefficient which is a 
function of temperature, or P is an 


4 In the notation used here, a vertical line is followed 
by one or two symbols to indicate the variables that are 
held constant for a given equation. In Eq 6 the shearing 
stress T is expressed as a function of the torque T for a 
constant angle of twist @. Other variables such as strain 
rate and temperature are not restricted in this equation. 
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equivalent strain rate. Using Q as 10,000, 
this concept was tested with the present 
data and found to give too little weight 
to the effect of temperature. For elevated 
temperatures, however, Q is probably 
not a constant but depends on stress and 
temperature as well. By trial and error 
a magnitude can be selected for Q to 
cause the data to fall along a fairly 
smooth curve. Figure 11 shows the torque 
corresponding to a shearing strain of 0.50 
in. per in. plotted to log scale against the 
parameter P based on Q/R = 40,000. 
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Fic. 11.—Variation of Torque at Shearing 
Strain y = 0.50 in. per in. with the Parameter P 
for SAE 1018 Steel in Torsion. 


Since a small variation in temperature 
produces a larger effect than a fairly large 
increment of strain rate, it appears that if 
the combined effects are to be expressed 
in terms of only one parameter, this 
parameter should be more closely associ- 
ated with temperature with an appropri- 
ate factor to account for strain-rate 
effects. 


General Equation for Flow: 


The general expression for flow stress 
as a function of strain, strain rate and 
temperature proposed by Hollomon and 
Lubahn (11) is: 


\DT 
7, € R € 


— 
= -¢5000/ 
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Correlation of the effects of rate of 
strain and temperature with the present 
data can be examined by use of a set of 
three simplified equations in which dif- 
ferent pairs of variables are held con- 
stant. For use here, shearing stresses and 
strains have been substituted for normal 
stresses and strains and the temperature 


The latter two equations are of primary 
interest here. 


Constant Strain and Temperature: 


Equation 11 relates the effect of strain 
rate y to the flow stress or torque for a 
constant shearing strain y and at con- 
stant temperature 7. This equation 
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Fic. 12.—Effect of Rate of Strain on the Torque at Constant Shearing Strain in Torsion Tests of 
SAE 1018 Steel. 


TR is expressed according to the Rankine 
scale. Written in logarithmic form and 
calling the resulting constants C, to Cs we 


have 
In | = Ci Ce In (10) 
In = Colny.... (11) 
In = Cs + Cs Tr (12) 


WY 


com 


.indicates a linear relationship between 


In T and In y. Hence a plot of In T 
versus \n y (for y and T, constant) should 
make the experimental values fall on a 
straight line for Eq 11 to be satisfied. Since 
the four speeds employed in the present 
tests each differed by factors of 50 to 1, 
the speed numbers can be used to repre- 
sent the logarithm of the strain rate. 

In Fig. 12°the torque is plotted to a 
log scale versus the strain rate. Each ~ 


| 
ad 
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Fic. 13.—Effect of Temperature on the Torque at Constant Shearing Strain in Torsion Tests of 
SAE 1018 Steel. 


point represents the results obtained 
from one specimen. Data are shown for 
two values of shearing strain, namely, y = 
0.05 and 0.30. Several other values of 
strain were also studied with results simi- 
lar to those shown. 

The curves obtained are nearly 
straight for all temperatures for the 
values of y checked; that is, the variation 
of the logarithm of stress or torque with 
the logarithm of strain rate is nearly 
linear. These data indicate then that 
although the effect of strain rate is in 
general not large, the variations in 


strength of this metal in torsion with 
changes in strain rate can be predicted 
fairly well by the relation: 


Tr 


where ¢; and ¢c; depend on the strain and 
temperature. 


Constant Strain and Strain Rate: 


Equation 12 relates the torque or 
stress to the temperature for constant 
strain and strain rate. The logarithm of 
the torque 7 is expressed as a linear 
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function of the absolute (Rankine) 
temperature T,. This can be checked by 
plotting the torque to a log scale versus 
Taz or, more conveniently, versus the 
Fahr temperature Ty. (Since Tz = Ty + 
459.6, the difference between Ty and 
Tp may be included in the constant cs 
of Eq 12). 

Some of the data plotted in this man- 
ner are included as Fig. 13. The trends of 
the points in general appear to form 
rather definite curves which cannot be 
considered linear. Therefore it must be 
concluded that Eq 12 is inaccurate in 
expressing the variations of strength 
properties caused by temperature 
changes. The patterns in which test 
points fall for aged specimens were simi- 
lar to those shown for the unaged speci- 
mens. 

Thus the effect of temperature for the 
ranges of variables studied here did not 
conform well with the theoretical relation 
expressed in Eq 12. The reason for this 
inaccuracy may be attributed to such 
actions as strain aging or precipitation 
and coalescence of solute atoms at certain 
temperatures. In other words, the proper- 
ties changed somewhat during the prog- 
ress of the test and could not be expressed 
by a single simple equation that is in- 
dependent of the parameter of time. 


Velocity-M odified Temperature Parameter: 


A “velocity-modified” temperature 
parameter has been proposed by Mac- 
Gregor and Fisher (12). Instead of expres- 
sing the flow stress as a function of 
three variables (temperature, strain rate 
and strain) as: 


(14) 


they propose that the first two be com- 
bined in a velocity-modified temperature, 
Tm leaving 


(15) 
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An expression for determining 7,, was 


also proposed: 
Tn = Tr (: int) (16) 
& 


where: 

é) = arbitrary reference strain rate and 
k = constant for the material selected 
(presumably by trial and error) sothat 
when stress is plotted versus Tn, a smooth 
curve results. This concept was examined 
by Mac Gregor and Fisher by comparison 
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Fic. 14.—Variation of Torque at Shearing 
Strain, y = 0.50 in. per in. with the Parameter 
Tm for SAE 1018 Steel in Torsion. 


with tension data; they reported general 
agreement for the materials and range of 
variables covered. 

For comparison with torsional data 
the shearing strain rate may be substi- 
tuted and the Rankine scale for absolute 
temperature 7, selected. The shearing 
stress in torsion, according to this concept 
would be 


This concept was examined by using 
the approximate relationship of torque 


T to shearing stress +r. Experimental 
values were plotted to obtain curves for 


«6624 


several different values of shearing strain 
y illustrating the relationship: 


= I(T m) (18) 


To determine 7,,, the slowest strain rate 
was selected as the reference so that 7» = 
0.0001 in. per in. per sec. The value of 
k in Eq 16 which gave the smoothest 
curves was 0.010 for this material. 

The chart for torque versus T,, for one 
value of strain y is included in Fig. 14. 
It can be seen that there is fair general 
agreement with Eq 18 since the points 
group around the relatively smooth curve 
sketched in to follow the average trend. 
The shape of the curve thus obtained 
would not be the same for different 
metals, but no attempt is made by the 
theory to predict this shape. 

Correlation was noticeably poorer 
when the yield point or the modulus of 
rupture was plotted instead of the flow 
stress or torque at constant strain. A 
very broad band was required to envelop 
the points thus obtained although the 
general course followed by the band was 
similar to that for the curves shown in 
Fig. 14. 

These data indicate that by proper 
choice of empirical constants an approxi- 
mation to the effects of strain rate or 
temperature may be expressed for lim- 
ited conditions in terms of a single pa- 
rameter, the so-called velocity-modified 
temperature. No simple relationship 
exists, however, to express the relation 
between this parameter and the flow 
stress or torque for a given twist. 


CONCLUSIONS 


For the range of variables covered in 
this study, the following conclusions 
seem justified: 

1. Increasing the temperature caused 
a general decrease in strength for all 
rates of strain. 

2. Increasing the rate of strain usually 
caused an increase in strength. 
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3. For a range of elevated tempera- 
tures beginning at about 400 F, a reduc- 


_tion of ductility (usually referred to as 
‘blue brittleness) and a slight increase in 


strength were observed. Above thisrange 
a pronounced increase in ductility was 
observed with increase in temperature 
and decrease in strain rate. 

4. The absolute (Rankine) blue-brit- 
tleness temperature 7, was a function of 
the rate of shearing strain as expressed 
roughly by the equation: 

32,500 
28.2 — In 7 


5. The torque-time records obtained 
in the blue-brittleness range exhibited 
jagged or erratic variations in flow 
stress. 

6. The rate of increase of flow stress 
7 (or torque 7) with increase in strain 
rate 7 at a fixed strain and temperature 
Tr can be expressed by the equation: : 


“TR 
where and are empirical constants 
which depend on the temperature and 

the amount of strain. 

7. The rate of decrease of flow stress 
r (or torque 7) for a given strain with 
increase in temperature did not conform 
with the behavior predicted by the 
equation: 

where j and / are constants which de- 
pend on the material, strain, and strain 
rate. 

8. It is possible to combine the effects 
of strain rate and temperature in a single 
parameter (the velocity-modified tem- 
perature 7,, or the equivalent strain rate 
P) and get a smooth curve for flow stress 
at a given plastic strain. The shape of 
the curve obtained (or the variation with 
strain) was not readily expressible. 

9. The ratio of the upper to lower 
yield point torques was found to de- 
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crease with an increase in temperature, 
and decreased or disappeared at the lower 
strain rates. 

10. A 200-hr aging treatment (at the 
test temperature) in advance of the test 
had no appreciable effect on the strength 
or ductility of the steel for any of the 
temperatures or strain rates studied. 
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EQUATION FOR SHEARING STRESS IN TORSION 


Computation of the actual shearing stress 
at any point in a member subjected to 
torsion can be made using the well-known 
Tc 
J 
remain proportional to the corresponding 
strains. When this equation is used for 
torques exceeding the limit of propor- 
tionality, the nominal value resulting is not 
a real stress but merely represents the torque 
converted to stress units by dividing by the 


tT = — relationship only for stresses which 


section modulus which is a function of the 


dimensions of the cross-section. 

A relationship was developed to express 
the true shearing stress 7 at the surface of a 
cylindrical bar of radius ¢ subjected to pure 
torsion as a function of the twisting moment 
T, the angle of twist or shearing strain y, and 
the rate of increase in moment with respect 


= 
to twist or strain s This relation for 


torsion is similar to the equation for bending 
developed by Herbert (5). It is based on the 
assumptions of homogeneity and isotropy of 
the material and applied to a bar of uniform 
circular cross-section at a point sufficiently 
removed from the point of application of the 
load so that stress is not a function of axial 
position. 

The relationship derived is usually defined 
in the form 


Equation 19 provides an expression from 
which one can determine the shearing stress 
7 in the outer fibers for any y from test 
data giving the relation between the twisting 
moment T and the shearing strain y in the 
outer fibers. 


By noting that m is the slope of the T 


versus y curve and, hence, for any point on 
the curve 


where To is the intercept of the tangent on 
the T axis, we can substitute this relation in 
Eq 19 and obtain 


1 
r= — (4T 


= (21) 


Equation 21 gives the relationships in the 
most convenient form for use in determining 
t from the T versus yy curve. 

Since y was defined to be proportional 
to @ and since plots of T versus @ were 
made as a part of routine calculations of 
data, true stresses computed were de- 
termined from the T versus @ curves 
available rather than replotting T versus y. 


"4 
— 
= 
.(20) 
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CREEP AND CREEP-RUPTURE OF SOME FERRITIC STEELS: 
CONTAINING 5 PER CENT TO 17 PER CENT CHROMIUM* 


By E. J. Dutts' anp G. V. SmiTH! 


SYNOPSIS 


Data on creep and creep-rupture properties are presented for eleven steels 
ranging in alloy content from 5 Cr, 1/2 Mo to 17 Cr, with additions of sili- 


con, titanium, columbium, or boron to some. Microstructural changes, ob- 

served after test, including carbide spheroidization and recrystallization, are 

described. Some observations on the mechanism of flow and fracture of fer- 
 ritic and austenitic steels are included. 


For applications where service con- 
ditions are not severe enough to require 
the austenitic 18 per cent chromium, 
8 per cent nickel type steels, chromium- 
molybdenum or straight chromium steels 
may be used. Choice of a particular grade 
is dependent on the service conditions 
under which the steel is to be used. 
The 5 Cr, $ Mo grade is widely used in 
equipment for service up to 1200 F 
under corrosive and oxidizing conditions. 
Additions such as silicon, titanium and 
columbium impart to this grade, certain 
properties which are desirable for specific 
applications; silicon increases oxidation 
resistance, and titanium and columbium 
reduce tendency to air hardening, there- 
by improving weldability. 

The 8 Cr, 1 Mo grades have relatively 
good oxidation resistance up to 1300 F, 
but their creep strength decreases rapidly 
above 1100 F. Higher chromium grades, 
such as 12 Cr or 12 Cr, 3 Mo types, are 
employed when still better oxidation 
resistance is needed, but when strength 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
ie gl Laboratory, United States Steel Corp., 
nel 


is a factor they are seldom used above 
1200 F. 

Nonhardenable 17 Cr, Type 430, 
steel has oxidation resistance similar to 
18 Cr, 8 Ni up to 1500 F; however, its 
low strength at elevated temperatures 
and susceptibility to so-called 885 F 
embrittlement limits the use of this 
steel to applications where strength and 
toughness are not primary require- 
ments. 


MATERIALS AND PROCEDURE 


The steels used in this investigation, 
Table I, include both commercial and 
experimental grades received in the form 
of 1-in. round or square bars. Steels 
B, E, F, G, and H were tested in creep 
and creep-rupture while the rest were 
tested in creep-rupture only. 

Chemical composition, heat treatment, 
grain size, and initial hardness are given 
in Table I. Steels A, C, D, and K were 
heat treated at the National Tube Di- 
vision, Lorain Works and the rest at this 
laboratory prior to machining into test 
specimens. All of the steels were initially 
fine grained except D (5 Cr, 4 Mo (Ti)) 
eh had a duplex grain size. 
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Short-time tensile properties of steels 
E and F at both room temperature and 
at elevated temperatures were available 
from a previous study and are given in 
Table II. 

Creep and creep-rutpure tests were 
made by methods which have been dis- 
cussed in detail in an earlier publica- 
tion (1).2 Creep extension was also 
measured in some creep-rupture tests by 
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be made for this strain in the test stand 
itself, it was deemed desirable to obtain 
more accurate values of the strain in the 
specimen by direct measurement. Once 
the load is applied, further strain is 
essentially confined to the specimen, and 
thus creep rates computed from the 
autographic record are quite accurate 
and have been found to agree closely 
with those obtained by direct measure- 


TABLE I.—CHEMICAL COMPOSITION, anes TREATMENT, AND INITIAL HARDNESS AND GRAIN SIZE 


F STEELS TESTED. 
Dia- 
mond 
Chemical Composition, per cent 
Heat Treatment, 
Steel Type Size Hard- 
| ness 
C |Mn| P S | Si | Cr |Mo/ N | Al Other | Before Test 
A Mo 0.13 | 4.69]0.47/0.021/0.004 6-8 124 1550 F.C 
B Cr, Mo (Si) (0.13 | 5.24/0.50) ... | .. 8-9 168 1600 F.C. 
C {5 Cr, % Mo (Cb)/0.09 |0.54/0.027/0.018/0.41 | 5.05}0.53}0.012)0. 0.89 Cb 8 170 1375 F.C 
D {5 Cr, 4% Mo (Ti) |0.05 |0.40/0.006/0.011/0.31 | 0.55 Ti 107 1375 F.C 
123 
E Cr, 1 Mo 0.099)0. 38/0. 013)0.015/0.32 | 8.21)1.06) . 0.14 Ni 8 142 1700 F.C. 
F {8 Cr, 1 Mo (Cb) 0.09 |0.47/0.015/0.011/0.34 | 8.20/1.00) . 0.55 Cb 8-9 143 1700 F.C. 
G 10. 12.52) . ni 6-8 252 |1750 Q + 1150 A.C. 
7 
H |12 Cr, % Mo 0.08 }0.37/0.022/0.021|0.22 |12.14/0.49 0.19 Ni 5-8 231 11750 Q + 1220 A.C. 
Cr, 0.07 |11.94)0.52 0.0061 B} 8-9 225 11750 Q + 1220 A.C. 
4 Mo (B) 0.19 Ni 
|12 Cr, 0.08 |0.49/0.017/0.028/0.26 |12.18/0.56 0.11 Cb 9-10} 240 |1750 Q + 1400 A.C. 
% Mo (Cb) 0.70 Ni 
K |17 Cr (430) 0.09 |0.41/0.010/0. 0014/0. 0.15 Ni 5-6 158 1425 A.C. 


® Experimental steels. 


sighting with a microscope through the 
furnace window upon reference marks on 
a wire moving within a tube, both of a 
platinum-10 per cent rhodium alloy, 
spot-welded to the shoulders of the 
specimen (2). This method was used 
for the principal purpose of obtaining 
accurate values of the creep intercept 
(see subsequent discussion). The creep 
intercept depends in part upon the 
strain that occurs during loading, which 
cannot be accurately determined from 
the fall in the loading lever because of 
the strain which takes place throughout 
the test stand when the load is applied. 
Although an approximate correction can 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 657. 


TABLE II—RESULTS OF TENSION TESTS* AT 
ROOM AND AT ELEVATED TEMPERATURES FOR 
STEELS E (8 Cr, 1 Mo) AND F (8 Cr, 1 Mo (Cb)). 


E (8 Cr, 1 75 | 31 200 | 75 000 | 31.0 66.1 
0) 00 | 26 200 | 66 500! 28.0 | 66.0 
5 24 700 | 62 000 | 25.5 | 65.5 
300 | 23 000 | 55 500 | 24.0 | 62,0 
1000 | 21 400 | 47 500 | 35.0 | 74.0 
1200 | 15 500 | 28 500| 64.5 | 92.0 
1 6 800 | 11 900 | 94. 98.5 
| 71 400 | 33.5 74.9 
Mo (Cb)) 300 | 30 000 | 63 500 | 31.5 | 74.0 
500 | 28 500 | 60 500! 27.5 75.0 
800 | 25 200 | 53 500 | 27.0 | 72.0 
1000 22 000 | 42 600 | 38.5 | 79.0 
1200 | 15 200. 25 200' 71.5 | 93.0 
1400 | 7200/11 200 86.5 96.7 


* Test specimens had a diameter of 0.5 in. and a gage 
length of 2 in. Average of duplicate tests at 75 and 1400 F 
but single tests at other temperatures 
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Fic. 1.—Properties of Steel A (5 Cr, 0.5 Mo). 
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101 


Stress, psi Stress, psi 


Reduction of Area Elongation at 


| 


DULIS AND SMITH ON CREEP AND CREEP-RUPTURE OF FERRITIC STEELS 631 


3 
10000 | egend (Chort A only) — ~ 
4 
q (a) Stress versus Time for Beginning of Tertiory Creep or Rupture Oe eee ae) 
Time for Beginning of Tertiory Creep or Rupture, hr i 

100000 F - +—+-+++ + ++ +++ 
900F__o 

a 
g 10000 E —— 1200E 
+ 
(b) Stress versus Minimum Creep Rote 
T Minimum, Creep Rate, per cent per 
(c) Elongation at Rupture versus Rupture Time 
se Rupture Time, hr 

1050F. J 
F 1200F 3 
3 s a (d) Reduction of Area at Rupture versus Rupture Time 4 
35 Rupture Time, hr 

a 
3 1200F 
Le (e) Stress versus Ratio of Elongation 4 
_— at Rupture to Time at Rupture ” 


ool 10 10 100 
Ratio of Elongation at Rupture to Time at Rupture, per cent per hr 


Fic. 3.—Properties of Steel C (5 Cr, 0.5 Mo (Cb)). 


) | 
| 


— 


632 AND SMITH ON CREEP AND CREEP-RuUPTURE OF FERRITIC STEELS 
(0) Stress versus Time for Beginning of Tertiory Creep or Rupture a 
a 990F 4 
— 
rt) = = 
= Legend (Chart A only) 
+ & Beginning of 
Tertiory Creep 
| Time for Beginning of Tertiory Creep or Rupture, hr a 
oe (b) Stress versus Minimum Creep Rote aaa 
900F 
~ 
— 
a 
— 7 
a Minimum Creep Rate, per cent per hr 7 
1000]0.0000! 0.0001 0.001 1200F 
= + 1O50F 
ceo = 
338 a 900. 32 
ce. J (c) Elongation ot Rupture versus Rupture Time 23 
2.8 4 
we | Rupture Time, hr ws 
= 
cag cs 
Ze 5 a (¢@) Reduction of Areo ot Rupture versus Rupture Time — 23 
4 — 
| Rupture Time, hr 
900F 
4 
(e) Stress versus Ratio of Elongation ot Rupture to Time ot Rupture > 
0.000! 0.001 fete) ] ol 10 
Ratio of Elongotion ot Rupture to Time ot Rupture, per cent per hr 
Fic. 4.—Properties of Steel D (5 Cr, 0.5 Mo (Ti)). 


DULIS AND SMITH ON CREEP AND CREEP-RUPTURE OF FERRITIC STEELS 


633 


(0) Stress versus Time for Beginning of Tertiary Creep or Rupture = 
===. 
3 
a 
3 
- Legend (Chort A only) = 
| Rupture 7 
@@ — Beginning of 
Tertiary Creep Time for Beginning of Tertiary Creep or Rupture, hr 
¥ (b) Stress versus Minimum Creep Rote 
a > Creep Test only 
% 10000 
Minimum |Creep Rate, per cent per hr 
1000 1,00! — 
$28 
23 (c) Elongotion ot Rupture versus Rupture Time 
wus = Rupture Time, hr 
s33 
(d) Reduction of Areo ot Rupture versus Rupture Time 
4 Rupture: Time, hr 4 
| 
r (e) Stress versus Ratio of Elongation at Rupture td Time ot Rupture —_. 
F a 1300F = 
q 
0.000! 0.1 1.0 


Ratio of Elongotion at Rupture to Time at Rupture, per cent per hr 
Fic. 5.—Properties of Steel E (8 Cr, 1 Mo). 


10 000 


(a) Stress versus Time for Beginning of Tertiary Creep or Rupture 


400 F 


3 


were’ of Rupture, hr 


TTTIM 


F_ 


(b) Stress versus Minimum Creep Rote 


Minimum Creep Rote 
ned 


| 1300 Fm 


HHH! 


Minimum Creep Rote, per 
T 


(c) Elongation ot Rupture versus Rupture 


Rupture Time, hr 


1 


(4) Reduction of Area at Rupture versus Rupture Time 


per cent 


ot Rupture, 


Reduction of Areo 


Time, hr 
11 100 


F 


Hy thi 


(e) Stréss versus Ratio of Elongation ot Rupture to Time at Rupture 


. Stress, psi 


Ratio of Elongation ot Rupture to Time ot Rupture, per cent per hr 


Fic. 6.—Properties of Steel F (8 Cr, 1 Mo (Cb)). 
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Ratio of Elongation at Rupture to Time aot Rupture, per cent per hr 
Fic. 7.—Properties of Steel G (12 Cr). 
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Ratio of Elonation at Rupture to Time at Rupture, per cent per hr. 


Fic. 9.—Properties of Steels I (12 Cr (Mo-B)) and J (12 Cr (Mo-Cb)) at 1000 F. 
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ment with the wire-tube extensometer. 
Illustrative of this good agreement are 
the data for the 12 Cr steel, shown in 
Fig. 7, wherein the creep rates obtained 
by both methods are shown. 

Tension and impact tests were made 
in accordance with recognized testing 
procedures. Specimens for impact tests 
after creep were machined from standard 
3-in. diameter creep specimens which 


RESULTS AND DISCUSSION 


In general, a time-extension (creep) 
curve consists of four parts: (1) initial 
deformation, comprising elastic strain 
and generally some plastic strain, which 
occurs immediately on application of 
load; (2) first-stage or primary creep, 
characterized by a decelerating rate of 
creep; (3) a second stage during which 
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necessitated the use of a 3 standard size 
specimen. This size Charpy keyhole- 
notch specimen was therefore used 
throughout the investigation. Room- 
temperature tension tests were made 
on some of the after-creep test speci- 
mens. 

Specimens were examined before and 
after creep and creep-rupture tests to 
determine microstructural changes and 
to obtain any possible information about 
the mechanisms of flow and fracture 
during tests of this kind. 


Fic. 11.—Dependence of Creep and Creep-Rupture Strength on Temperature. 


Temperoture, deg Fohr 


the creep rate is essentially constant 
(and a minimum); and (4) a third or 
accelerating-rate stage of creep which 
continues to fracture. 

As discussed in an earlier publication 
(3), relationships exist which enable the 
calculation of the total amount of creep 
at any time before the beginning of 
tertiary creep and also permit estima- 
tion of the total deformation to be ex- 
pected at fracture. Total creep C; 
up to any time ¢ during minimum or 
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constant rate of creep may be calculated 
by the following formula: 


several quantities: (1) minimum creep 
rate; (2) intercept Co; (3) time for begin- 


C= G+ (<) (1) Bing of tertiary creep; (4) time for rup- 
dt }m ture; and (5) average creep rate. These 
Minimum E. xtension Rate 
= 
Time For Total Deformation of 1%,3%,5 T 
Time For Beginning of Accelerated Creep Rate 
4 | | > 
a 
1300F Minimum Extension Rate 
10000 |- — 
—_ == 4 
Time For Total Deformotion of 1%, 3%, 5% i tte 
* Time For Beginning of Accelerated Creep Rate —— 
fey) Ke) 10 Time, hr 100 1000 10000 
ooo! 0.01 1.0 10 100 


Minimum Extension Rate, per cent per hr 


Fic. 13.—‘Design Curves” for Creep to Rupture of 8 Cr, 1 Mo Steel E at 1100 and 1300 F. 


where: 

Co = intercept of the extrapolated 
minimum creep rate on the 
zero-time ordinate, 

dC 
>} = minimum rate of creep, and 
dt m 

t = variable time. 


This procedure can be applied only up to 
the beginning of tertiary or accelerating 
creep. The estimate of deformation at 
rupture is made on the basis of the ob- 
served linear relation on a log-log plot be- 
tween stress and average rate of deforma- 
tion, the latter being the quotient of the 
deformation at rupture by the time for 
rupture. Accordingly, the evaluation of 
the creep and rupture behavior of metals 
requires the experimental determination 
of the relations between stress and the 


relations, as far as the data are available, 
are shown in Figs. 1 to 10 and 12 of this 
paper; plots of elongation and reduction 
of area at fracture are also given in these 
charts. 

In respect to the intercept Co data, 
most of the results for the present steels 
antedate our use of the wire-in-tube 
extensometer for the creep-rupture tests 
and are therefore only approximate, as 
explained earlier. Because of this, and 
also because some curious reversals were 
noted in several cases (which, however, 
are apparently real*), Cy data are pre- 
sented herein only for those steels for 
which creep, as well as creep-rupture, 
tests were made. Typical of the reversal 
noted in several instances is the curve 


3 McVetty (8) has previously concluded that, although Co 
increases with stress at relatively low’ stress or tempera- 
ture (according to a hyperbolic sine law), it passes through 

* a maximum beyond which it decreases with further in- 
crease of stress. 
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‘r, 0.5 Mo (Si)) Which Broke in 1.0 hr at 1500F. 


X; (b), (c), (@) are 100* (Reduced to 34 size in reproduction.) 
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Fic. 15.—Longitudinal Sections of Creep-Rupture Specimen of Steel B (5 
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for 1500 F in Fig. 12(@), confirmed in this 
case by wire-tube extensometer measure- 
ments and also by the smoothness of the 
curve. It is also true, of course, that the 
rupture tests were generally made at 
such large stresses, relative to actual 
working stresses, that the associated 
Co values are of little practical interest in 
themselves (because the irregular re- 
lation precludes extrapolation) unless 
supplemented by tests more nearly of 
the magnitude that might be used in 
service. 

Of interest to the design engineer is the 
relationship between stress and time for 
a specified total elongation. Data of this 
type are shown for steel E, 8 Cr, 1 


portant structural alterations which oc- 
curred during test (or immediately 
afterwards) were spheroidization and 
recrystallization; these changes are dis- 
cussed in detail later. Some examples of 
recrystallization during creep-rupture 
tests are shown in Figs. 15 and 16. Al- 
though the 5 Cr, } Mo (Si) alloy may 
have approached the lower critical 
temperature (A,) when tested at 1500 
F, no evidence was found which indi- 
cated that this temperature had been 
exceeded. Previous unpublished work 
on the identical steel by R. F. Miller at 
this laboratory had shown no austenite 
after } hr at 1550 F and only 5 per cent 
austenite after } hr at 1650 F. 


TABLE III.—SUMMARY OF CREEP-RUPTURE TEST RESULTS. 


ini Stress for Rupture in 1000 hr, psi 
Initial Treatment, 
Steel Type deg Fahr 
900 F | 1000 F| 1050 F| 1100 F| 1200 F} 1250 F] 1300 F| 1350 F| 1500 F 

A | 5(Cr,%4Mo 1550, F.C 27 200,|16 0007/12 600 | 9 600%) 5 800 | 4 400%) 3 400%) ... 
B | 5 Cr, % Mo(Si) 600, 30 000%|16 000 |11 600%) 8 500%] 4 500%] 3 200.| 2 400%) 1 800%} 700 
C | 5(Cr, % Mo(Cb 1375, F.C 33 000 |19 0007/14 800 |10 700%] 6 000 | 4 600°] 3 400%) ... are 
D | 5 (Cr, % Mo(Ti) 1375, F.C 28 300 |16 0007/11 8 800%) 4 900 | 3 700° ... 
E | 8Cr,i Mo 1700, F.C {19 00014 60011 300 | 6 6007) 5 000%) 3 900 | 3 000° 
F | 8 Cr, 1 Mo(Cb) 1700, ...  |18 300%]13 500 | 7 000%] 5 000%] 3 700,| 2 600° 
G | 12Cr 1750 Q + 1150 A.C.|37 000/19 000 |13 700%] 9 800%] 4 900 | 3 500%] 2 
H | 12 Cr, 4% Mo 1750 Q + 1220 A.C.|54 000°|26 000 |18 000%|13 000 | 6 000%] 4 200%] 2 900 | 2 000° 
I | 12 Cr, % Mo(B) 1750 Q + 1220 A.C.|50 0005|25 000 000%|12 000%) ... 
12 Cr, 144 Mo(Cb) | 1750 Q + 1400 A.C.|66 000°|32 500 |22 00015 000%) ... 

17 Cr 1425 A.C. 29 500 |16 000 | 9 0007) 5 000 | 3 800%] 2 800%] 2 100 | 


* Interpolated from Fig. 11. 
6 Extrapolated from Fig. 11. 


Mo, in the “design chart,” Fig. 13. 
Similar plots can be made for the other 
steels considered in this report, within 
the limitations of the data. 

The empirical treatment of the data, 
as given in this report, is considered to be 
more worth while than attempting to 
fit the data to functional relations among 
the variables. Because the microstruc- 
ture changes during tests at elevated 
temperatures and because structure and 
mechanical properties are interdepend- 
ent, it is difficult, if not impossible in 
many instances, to generalize on be- 
havior when a continual variation in 
structure is taking place. 


Microstructures of the steels prior to 


test are shown in Fig. 14. The two im- 


MECHANICAL TESTS 


Creep and creep-to-rupture test re- 
sults are shown graphically in Figs. 
1 to 10 and are summarized in Tables 
III, IV, and V. The influence of temper- 
ature on the creep strength (1 per cent 
per 1000 hr) and creep rupture strength 
(in 1000 hr) of these steels is shown in 
Fig. 11. The methods of plotting were 
discussed in detail in earlier publica- 
tions (1,3). 


Rupture Time: 


The creep-rupture test results are 


4 The comparisons in this and subsequent sections refer 
only to the specific steels and heat treatments studied. To 
what extent they are generally true is not known, 
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shown in Figs. 1 to 10 by plots of log 
initial stress versus log rupture time. 
The data in this form are characterized 
by a single straight line or by two inter- 
secting straight lines, depending on the 
steel, test temperature, and rupture 
time. Straight line variations such as 
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atures, Fig. 11. Employing both of these 
plots, the data of Table III were ob- 
tained. With a minor exception, the 
rupture values at the test temperatures 
were obtained by interpolation. The 
limit of extrapolation to other temper- 
atures did not exceed 150 F and was done 


TABLE IV.—-SUMMARY OF MINIMUM CREEP AND CREEP-RUPTURE TEST 


Steel Type | 900 F | 1000 F | 1050 F | 1100 F | 1200 F | 1250 F | 1300 F | 1350 F | 1500 F 
Stress for Creep Rate of 0.001 per cent per hr, psi 
A |5(Cr,%4Mo 22 000. | 12 200% | 8 800 7 1007 | 4 200 | 3 200| 2400°| ... 
B_ 5 Cr, % Mo(Si) 19 000° | 10 800 7 300° | 5 200% | 2 700% | 1 650 | 1 400% | 1 000% | 410 
C 5 Cr, % Mo(Cb) 31 000 | 17 000% | 12 400 8 6007 | 4100 | 3 100°| 2200°| ... 
D 5 Cr, % Mo(Ti) 26 000 | 13 000% 800 6 4007 | 3 300 | 2300/1 600°| ... 
E | 8Cr,1Mo 9 500° | 7500 | 4 600% | 3 700* | 2900 | 2300°| ... 
F 8 Cr, 1 Mo(Cb) ia af 14 000° | 10 000 | 5 100% | 3 600% | 2600 | 1900°| ... 
G | 12Cr 29 000° | 13 800 9 4007 | 6 400% | 3 000 | 2000/1 400°| _.. 
H 12 Cr, 4% Mo 39 000 | 17 300 | 12 500% | 8 800 | 4 000" | 2 700% | 1800 | 1300) ... 
I 12 Cr, Mo(B) 45 000° | 21000 | 14.800°| 10000°| 
J 12 Cr, % Mo(Cb) 57 000° | 27 000 | 18 S00°| 12600) _.. 
K §17Cr 22 500 | 125007 | 9 700 6 700% | 3 400 | 2 700% | 2 000 | 1 500 570° 
Stress for Creep Rate of 0.0001 per cent per hr, psi 
! | 

5 Cr, 6 Mo 18 500 | 10300 6700 | 53007|3000 2100° | 
B 5 Cr, Mo(Si) 15 000° 8000 | 5 200% 3 600% | 1 800% 1 000 9007 | 6207 | 240 
C Cr, 4% Mo(Cb) 28 000 | 13 9700 | 5 300% | 2700 2 000° 
D | §Cr, % Mo(Ti) 23 500 10 500 | 6 700 4 990 | 2 300 | 1 100° ; 
E 8 Cr, 1 Mo 5 400 | 2 100 
F | 8 Cr, 1 Mo(Ch) 11 900° | 8 100 | 3 800% | 2 600% | 1 800. | 1 200° | 
G | 12Cr 24 000° | 9 600 6 100% | 3 900% | 1 560 gi0®| 62%, ... | 
H_ 12Cr, Mo 26 000% | 12 800 7 800% | 4400 | 2 300% | 1 | 1 100 | 


* Interpolated from strength-temperature curves. 
Extrapolated from strength-temperature curves. 


TABLE V.—ELONGATION AT RUPTURE IN 10,000 hr. 


Ee Initial Treatment, Extrapolated per cent Elongation at Rupture in 10,000 hr 
Steel Type deg Fahr ; 
900 F, 1000 F | 1050 F 1100 F | 1200 F 1250 F 1300 F | 1350 F 

A 5 Cr, Mo 1550, F.C. 80 55 ous 100 

| 5 Cr, % Mo(Si) 1600, F.C. 110 ‘ 40 

Cc 5 Cr, % Mo(Cb) | 1375, F.C. 30 18 17 

D | 5Cr, % Mo(Ti) 1375, F.C. 60 15 36 

E 8 Cr, 1 Mo | 1700, F.C. + eas Drauss 70 60 

F | 8 Cr, 1 Mo(Cb) 1700, F.C. eae 70 oh pe 10 

G 12 Cr | + 1150 66 72 daa | 

H_ | 12 Cr(Mo) | 1750, 0.Q. + 1220 30 50 80 

| 
I 12 Cr(Mo, ee 1750 Q + 1220 A.C 27 eine 
12 Cr(Mo, Cb) 1750 Q + 1400 A.C.| ... 35 
17 Cr 1425, A.C. 110 nie 45 115 80 


these permit interpolation and limited 
extrapolation with a reasonable degree 
of confidence as discussed previously 
(3, 6). Similarly, straight line variations 
of temperature versus log initial stress for 
rupture in 1000 hr permit interpolation 
of these data to intermediate temper- 


only to permit comparison of different 
grades. Attention is directed especially 
to the fact that in the case of steels I 
and J, tested only at 1000 F, it was also 
necessary to assume that the slope of the 
temperature plot is parallel to that for 
plain 12 Cr, $ Mo steel H. 


| 
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Whereas at lower temperatures creep- 
rupture strength of any grade was gen- 
erally increased by alloy addition, the 
opposite was true in several cases at the 
higher temperatures. Steel J (12 Cr, 
3 Mo (Cb)) had the highest creep-rupture 
strength at lower test temperatures, but 
unfortunately tests at higher temper- 
atures were not made for this steel. 
Creep-rupture strength at 1000 F ranged 
from 32,500 psi for steel J (12 Cr, 4 
Mo (Cb)) to 16,000 psi for four steels, 
K (17 Cr), A (5 Cr, 3 Mo), B (5 Cr, 
3 Mo (Si)), and D (5 Cr, 3 Mo (Ti)). 

Of the 5 Cr, } Mo group, steel C 
(5 Cr, } Mo (Cb)) is the strongest at 
lower temperatures (900 to 1250 F) 
but above 1300 F, steel A (5 Cr, } Mo) 
has the highest strength of the group. 
Addition of silicon or titanium evidently 
decreases creep-rupture strength in this 
grade as indicated by the lower strength 
of steels D (5 Cr, 4 Mo (Ti)) and 
B (5 Cr, 3 Mo (Si)) at all except the 
lower test temperatures. 

The two 8 Cr, 1 Mo steels showed 
relatively little difference in strength at 
1250 F and above, steel E (8 Cr, 1 
Mo) being slightly stronger, but below 
1250 F steel F (8 Cr, 1 Mo (Cb)) was 
stronger. 

In the 12 Cr group, steel J (12 Cr 
(Mo-Cb)) had the highest creep-rupture 
strength at 1000 F; the strengths ranged 
from 32,500 psi for steel J (12 Cr (Mo- 
Cb)) to 19,000 psi for steel G (12 Cr). 
The boron addition appears to have had 
little effect on the creep-rupture strength 
of this type of steel, as indicated by these 
limited tests. 

Steel K (17 Cr) was relatively weak in 
creep-rupture, being comparable to steels 
B and D, which were the weakest of the 
entire group studied. 

From the limited tests of this study, 
the general effect of the addition of spe- 


cific alloying elements to high chromium-— 


molybdenum steels on creep-rupture 


strength is indicated to be: (a) colum- 
bium increases strength at temperatures 
up to 1300 F above which it is detri- 


mental; (0) silicon and titanium decrease _ 
strength at least at the higher temper- | 


atures investigated, and (c) boron has no 
appreciable effect. It is to be remem- 
bered, however, that variations in initial 
heat treatment or chemical composition 
might markedly affect the creep-rupture 
strength, and only the commercial heat 
treatments and one heat of each steel 
were investigated in this study. Thus the 
general superiority of the 12 Cr grades 
at the lower temperatures may be associ- 
ated with the higher initial, room tem- 
perature, hardness level. 


Minimum Creep Rate: 


Plots of minimum creep rate versus 
stress, on log-log coordinates, for all of 
the steels are shown in Figs. 1 to 10, and 
a summary of these data expressed as the 
stress to produce a creep rate of 0.001 
or 0.0001 per cent per hr is given in 
Table IV. The effect of test temperature 
on creep strength is given in Fig. 11. 
Essentially straight line variations are 
shown for plots of log of stress to 
produce a minimum creep rate of 0.001 
per cent per hr (1 per cent per 1000 
hr)® versus temperature (exponential 
variation); stress to produce a minimum 
creep rate of 1 per cent per 10,000 hr, 
Table IV, was obtained for some of the 
steels from a similar graph. The data 
were taken from both creep and creep- 
rupture test curves of extension versus 


=~ 


= 


time for all of the stresses and temper- 


atures investigated. Extrapolations were 
made in some cases for purposes of pre- 
paring Table IV. Extrapolation of creep 


rate did not exceed 2 cycles, whereas the — 


extrapolation to temperatures other than 
those tested did not exceed 150 F. 


5 Creep strength is usually reported for minimum creep 
rates of 0.0001 per cent or 0.00001 per cent per hr; however, 
to obtain these data from our results would involve ques- 
tionable extrapolations in some cases The 0.001 per cent 
per hr rate may be used to compare the steels, 


| 

| 


The relative creep strength of the 
steels is, in general, similar to that of 
their creep-rupture strength, steel J 
(12 Cr, } Mo (Cb)) having the highest 
and steels A (5 Cr, } Mo), B (5 Cr, 
3 Mo (Si)), D (5 Cr, } Mo (Ti)), and 
J (17 Cr) the lowest creep strength at 
the lower test temperatures (900 to 


1050 F). 


The 5 Cr, } Mo group of steels shows 
the same trends in creep strength as 
in creep-rupture strength, except that the 
temperature at which the columbium- 
bearing steel, C, decreases in relative 
strength as compared to the straight 
chromium-steel, A, is lower (1200 F). 
At 900 F the creep strength for a 
minimum creep rate of 0.001 per cent 
per hr of the steels was: steel C (5 
Cr, } Mo (Cb)), 31,000 psi; steel D 
(5 Cr, } Mo (Ti)), 26,000 psi; steel A 
(5 Cr, } Mo), 22,000 psi; and steel 
B (5 Cr, $ Mo (Si)), 19,000 psi. Creep 
strength, from Fig. 11, at 1300 F was: 
steel A, 2400 psi; steel C, 2200 psi; 
steel D, 1600 psi, and steel B, 1400 psi. 
Similarly, the 8 Cr, 1 Mo steels follow 
the same trends, that is, creep strength 
of steel F (8 Cr, 1 Mo (Cb)) is higher 
than for steel E (8 Cr, 1 Mo) up to 1200 
F, above which the reverse is true. 
At 1100 F, steel F had a creep strength 
(0.001 per cent per hr) of 10,000 psi and 
steel E 7500 psi, whereas at 1300 F the 
creep strength was 2600 and 2900 psi, 
respectively. 

Of the 12 Cr group tested at 1000 F, 
steel J (12 Cr, } Mo (Cb)) had a creep 
strength (0.001 per cent per hr) of 
27,000 psi, whereas the values for 
steels I (12 Cr, } Mo (B)), H (12 Cr, 
3 Mo), and G (12 Cr) were 21,000, 
17,300 and 12,500 psi, respectively. 
Unfortunately, as for creep-rupture prop- 
erties, results of tests at temperatures 
other than 1000 F were not available for 
steels I and J to determine the true 
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slope of the lines shown in Fig. 11 (0). 
The 12 Cr, } Mo steels with boron and 
columbium additions, especially the 
latter, had higher creep strength than 
the steel without these additions. 

Steel K (17 Cr) at the lower test 
temperatures (900 to 1300 F) had a 
relatively low creep strength (0.001 per 
cent per hr), 22,500 psi at 900 F, but at 
the higher temperatures it compared 
favorably with the rest of the steels 
(1500 psi at 1350 F). 

Deviations from a straight line for the 
log-log plot of stress versus minimum 
creep rate were found at low stresses 
(low creep rates) for steels G (12 Cr) and 
H (12 Cr, } Mo), Figs. 7 and 8. This 
behavior was previously reported by 
Nadai and McVetty (4, 5), who ob- 
served that the relation between stress 
and minimum creep rate is more ac- 
curately given for some materials by 
a hyperbolic sine function rather than 
the usual power function of a log-log 
plot,*® especially for extrapolation to low 
creep rates. However, we have not 
hitherto observed such pronounced de- 
viations from a straight line at rates as 
fast as those for which deviation is 
observed for these 12 Cr steels; this 
unusual behavior is presumably char- 
acteristic of the material tested and 
possibly of the prior heat treatment. 
In view of the behavior of steels G (12 
Cr) and H (12 Cr, } Mo), Figs. 7 and 
8, extrapolation to creep rates less than 
0.001 per cent per hr has not been made 
for steels I (12 Cr, } Mo (B)), J (12 
Cr, 4 Mo (Cb)), or K (17 Cr), Figs. 9 
and 10, as these steels may possibly 
behave like steels G and H. 


Beginning of Tertiary Creep: 
The time for beginning of tertiary or 
accelerated creep is shown as a function 


* A feature of the hyperbolic sine law is that a power 
function defines the tangent to the hyperbolic sine curve 
and under certain conditions is a close approximation to it. 
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of initial stress for each steel and test 
temperature on log-log plots in (a) of 
Figs. 1 to 10; the relationship parallels 
that for time to rupture. 

It is interesting to note that the time 
of third stage creep, that is, the dif- 
ference between rupture time and time 
for beginning of tertiary creep, Fig. 2, 
is exceptionally long for steel B (5 Cr, 
4 Mo (Si)) tested at 1250 and 1500 F. 
This steel exhibited recrystallization 
during or possibly immediately after test 
at these temperatures (see later dis- 
cussion) as well as outstandingly high 
elongation and reduction of area. It is 
interesting to note further that, as is 
often the case, most of the deformation 
occurred during the third stage. Thus, 
steel B tested at 1500 F with an initial 
stress of 2000 psi had an elongation of 
only 6.2 per cent at the beginning of 
tertiary creep but a final elongation of 
136 per cent. 
Intercept Deformation, Co: 7 

Variation with stress of Co, intercept 
of the extrapolated minimum creep 
rate on the zero time ordinate, is shown 
in Fig. 12 for the five steels for which 
data from both creep and creep-rupture 
tests were obtained, as explained earlier. 

Whereas Cy data for other steels 
previously reported (3, 7) showed a 
fairly consistent variation, Cy increasing 
with increasing stress, the data reported 
herein show reversals in several in- 
stances. Similar reversal has been re- 
ported by McVetty (8) who found in 
some cases a maximum value with 
increasing stress beyond which Cp de- 
creases. Intercept data reported by 
Manjoine (9) also indicate an irregular 
relationship in some instances. 

As the quantity Co is a function of 
deformation on application of load, 
deformation during first stage, and 


slope of minimum creep rate line, it is . 


obvious that the form of the time-ex- 
tension curve, which is influenced by 
many factors, is an important consider- 
ation in the determination of Co. 


Elongation and Reduction of Area at 
Fracture: 


As a need existed for a correlation 
between elongation at rupture and time 
to rupture, which would permit extra- 
polation to longer rupture times, a 
method was found (3) which would give 
the desired data by employing the plots 
of log stress versus log rupture time 
((a) of Figs. 1 to 10) and of log stress 
versus log ratio of elongation at rupture 
to time at rupture ((e) of Figs. 1 to 10), 
both of which have a linear relation. 
The procedure is to obtain the stress 
corresponding to the rupture time in 
question from (a), find the average creep 
rate for this stress in (e), and multiply 
the average creep rate by the rupture 
time to get the elongation at rupture. 
Extrapolated values of elongation at 
rupture in 10,000 hr calculated by this 
means are given in Table V. 

Reduction of area at rupture for long 
rupture times may be estimated by 
using the same technique as for elonga- 
tion. 

Fractures of steel D (5 Cr, 3 Mo (Ti)) 
were elliptical, indicative of preferred 
orientation; the differences in the major 
and minor axes ranged from 0.003 
to 0.036 in. In these instances, the 
average diameter was used in cal- 
culating the final area. 

In contrast to the austenitic grades of 
steel, reported upon earlier (3), the 
ferritic grades show excellent ductility 
at rupture, even for the longest times, 
Table V. This is presumably associated 
with the relative freedom from inter- 
granular fracture, compared to the 


austenitic grades (see subsequent dis- 


cussion on mode of fracture). 
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TABLE VI.—ROOM Tren TENSILE STRENGTH, IMPACT, STRENGTH, AND HARDNESS 
EFORE AND AFTER CREEP TEST.° 


| . psi | Elonga- | Reduc- 26 Size 
» | Diamond Tensile . Charpy 
Steel* Type | Pyramid = — | Strength, | ,,tion | tion of | Note 
Hardness 0.1 | 0.2 =| | in 2in., | Area, | Impact, 
per cent | per cent | cent [Per cent) 
Offset | set | 
B | 5Cr,34Mo(Si) | Bofege test | 168 53 800° 87 900 31.0 65.4 29 
B 5 Cr, % Mo(Si) ii | 166 52 800° 82 000 32.5 | 70.0 28 
B 5 Cr, Mo(Si) 154 (l.g.)° 47 300° 76 300 36.5 | 75.3 43 
164 (f.g.)* 
7 
E | 8Cr,1Mo Before test | 142 | | 31.200 | 75000 | 31.0 | 66.1 23 
E | 8Cr,1Mo 1100 139 26.5 
E 8 Cr, 1 Mo 1300 131 26 800 27 100 | 67 800 35.5 69.6 25 
F 8Cr,1Mo(Cb) | Before test | 143 | 36800 | | 33.5 | | 4 
F 8 Cr, 1 Mo(Cb) 1100 | 138 
F 8 Cr, 1 Mo(Cb) * 1300 | 132 30 000 30 500 66 900 37.0 76.1 | 41 
G | 12Cr Before test | 249 | 88.900 | 92800 | 112500 | 21.0 | 73.3 | 37 
G |12Cr 1000 | 221 78 700 | 80.600 | 100 000 23.0 71.5 35 
G 12 Cr 1200 158 53 500 54 200 81 600 30.0 75.3 | 44 
H 12 Cr, 4% Mo Before test 231 80 600 83 000 | 103 300 23.0 67.6 34 
H 12 Cr, 4% Mo 1000 225 78 100 80 100 102 000 24.0 71.2 35° 
H 12 Cr, 4 Mo 1100 201 58 600 | 59100 | 87 200 29. | 74.0 38 
H 12 Cr, 4% Mo 1300 158 43 600 42 900 :900 38.0 | 75.2 40 
e bf hemical composition and heat treatment in Table I. 
> Creep tests of 3000 hr duration, unless otherwise noted. 
© Yield point. 7 
4 Creep a of 1500 hr. 
L.g.—large grain area; f.g.—fine grain area. 
Mechanical Properties at Room Tem- TABLE Vit 


perature After Test: 


Hardness, tension, and notch impact 
tests were made at room temperature on 
specimens machined from the standard 
creep specimens after 3000 hr tests. As 
creep tests were made for just five of the 
steels, B, E, F, G, and H, only these 
steels could be mechanically tested after 
creep. 

The effect of time and temperature 
during creep on subsequent room-tem- 
perature properties, Table VI, was 
negligible for steel B, but steel F showed 
loss of notch impact strength after 
testing at 1100 F; the reason for this 
change was not apparent from examina- 
tion of the microstructure. Steel B 
showed an increase in impact strength 
and slightly lower yield strength and 
tensile strength after the 1500 F tests. 
Steels G and H showed a lowering of 
yield strength, tensile strength, and 
hardness with increasing creep test 


| | Yield Strength, 


1g Mo(Si)) AFTER CREEP-RUPTURE 
TESTS.* 


| Diamond Pyramid Hard- 
ness, 20 kg Load 


Temper- Rupture 
ature ae % in 
deg Fahr PS! hr At % in 
Frac Frac from 
ture ture Fracture 
1000, 40 000 0.25, 250 | 218 
30 000 7.0 | 236 | 209 
20,000 | 192.0 254 | 205 
15 000 | 1603.0 | 233 186 
1250 | 15 000 0.3) 185 | 185 
10 000 3.3| 176 | 177 
7500} 15.5 | 186 187 
5 000 | 162.0| 145 172 
3 000 | 1466.0 | 101 154 
1500 | 4000| 1.0) 136° | 143° 1634 
| 2500) 7.5| 118° | 151° 155 
| 1500} 48.0| 109% | 142 | 150% 
| 750 | 743.0 142° | 1404 


; Initial hardness, 168 DPH 
. > The large number of voids affects this value (Fig. 15 
(b)) 


,} grain region (see Fig. 15). 
Fine grain region (see Fig. 15). 


temperature. Steel B tested at 1500 F 
exhibited a mixed grain size; the struc- 
ture after test is discussed in greater 
detail in a later section of this report. 


= 
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Hardness tests were made on metal- 
lographically prepared longitudinal sec- 
tions of creep-rupture specimens of steel 
B after test in regions adjacent to the 
fracture and approximately 3 in. from 
the fracture, with results listed in Table 
VII. Counteracting factors influencing 
hardness in these regions are plastic 
deformation (strain hardening) and re- 
crystallization or grain growth; the 
formation of voids also has an effect. 
These conditions are illustrated in Figs. 
15 and 16, where elongated grains in the 
“necked-down” region of a strain-hard- 
ened area are shown in Fig. 16(a), (6), 
and (c) and equiaxed grains as well as 
some voids are exhibited in Fig. 16(d), 
(e), and (f), and Fig. 15(b). As can be 
seen from Table VII, the hardness in 
sections with elongated grains (1000 F 
tests) was considerably greater than the 
initial hardness, whereas regions .with 
equiaxed grains adjacent to fractures 
were lower in hardness (1500 F tests). 
However, it is to be remembered that 
the voids influence the measured hard- 
ness in these regions. This appreciable 
increase in hardness in the “necked- 
down” fracture regions with elongated 
grains is similar to earlier findings for 
plain carbon steels tested at 850 F (7). 


STRUCTURAL STUDIES 


All of the specimens which had been 
tested in creep and creep-rupture were 
examined for: (qa) microstructural 
changes incurred during test and (6) 
evidence of the mechanism of plastic 
flow and fracture of the steels tested. 


Initial Microstructure: 


The microstructures of the eleven 
steels heat-treated in accordance with 
commercial practice, Table I, are shown 
in Fig. 14. Steel A (5 Cr, 3 Mo) contains 
both lamellar carbide (pearlite) and 
spheroidized carbide, suggesting that the 
carbide did not completely dissolve 


during the austenitizing treatment. Steel 
B (5 Cr, 4 Mo(Si)) shows a ferrite 
matrix and spheroidized carbides; the 
austenitizing temperature of 1600 F is 
probably below the lower critical tem- 
perature for this steel or at least not 
far above it. Steels C (5 Cr, } Mo(Cb)) 
and D (5 Cr, $ Mo(Ti)) were not heated 
above their critical temperatures and 
exhibit ferrite matrices containing gen- 
eral precipitates of fine carbides and 
typical CbC, CbN and TiC, TiN par- 
ticles, respectively. 

Of the 8 per cent chromium steels, 
E (8 Cr, 1 Mo) exhibits a ferrite matrix 
with fine spheroidized carbides and 
poorly defined pearlite, whereas F (8 Cr, 

1 Mo(Cb)) consists of a ferrite matrix — 
with a general precipitate of fine carbides _ 
and typical CbC, CbN particles. 

The 12 per cent chromium steels G 
(12 Cr), H (12 Cr, 3 Mo), I (12 Cr, 3 
Mo(B)) and J (12 Cr, } Mo(Cb)), are 
all substantially similar in structure; — 
however, steel J had a finer grain size. — 
Microstructurally these steels consisted 
of tempered martensite and delta fer- 
rite; the austenitizing temperature of 
1750 F evidently lies in the austenite- 
ferrite region for these steels. . 

Steel K (17 Cr), which did not form 
austenite during the heat treatment, 
shows a ferrite matrix with carbides 
within the grains and at grain bound- 
aries; partially spheroidized pearlite was — 
exhibited in many areas. 


Microstructures After Creep and Creep- 
Rupture Tests: 


The microstructure of steel A (5 Cr, 
3 Mo) remained substantially unchanged © 
during tests at 900 and 1050 F; however; 
carbide spheroidization occurred in the 
specimens tested at 1200 F, the degree — 
increasing with time of exposure. Re- 
crystallization in the specimen tested at 
1200 F for 1577 hr was shown by the 
presence in regions adjacent to the 


__ 
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fracture of some equiaxed grains smaller 
than in the original steel. 

Steel B (5 Cr, $ Mo(Si)) remained 
unchanged except for recrystallization 
in the fracture regions of specimens 
tested at 1250 and 1500 F. Specimens 
tested at 1250 F contained small equiaxed 
grains in the fracture region except that 
the specimen tested for the longest 
time, 1466 hr, also exhibited some large 
grains. At 1500 F, a range of grain 
sizes, illustrated in Fig. 15, was ob- 
served in the recrystallized zone. Ex- 
amination of several specimens from 
tests at 1500 F under a common stress 
(3000 psi) which were interrupted at 
different fractions of the rupture time, 
the last of which had undergone an 
extension of 56 per cent (of a total of 
141 per cent), failed to show evidence 
of recrystallization. One is thus forced 
to conclude that under these test con- 
ditions, at least, recrystallization does 
not begin until quite late in the test. 
It is even possible that, being dependent 
on time as well as degree of deforma- 
tion, it does not begin until after fracture, 
although power to the test furnace is 
shut off automatically when the specimen 
breaks and cooling commences im- 
mediately. The coarseness of the carbides 
in these three specimens indicated coa- 
lescence during test. The specimen that 
ruptured in 723 hr at 1500 F showed 
relatively large equiaxed grains through- 
out the specimen with voids at grain 
boundaries, predominantly at the junc- 
tions of several grains, Fig. 16. Few 
carbides were present in this specimen, 
presumably as a result of decarburiza- 
tion. The 3000-hr specimen tested in 
creep at 1500 F showed a duplex grain 
size with some very large grains. 

Steels C (5 Cr, } Mo(Cb)) and D 
(5 Cr, } Mo(Ti)) remained structurally 
the same throughout the creep-rupture 
tests at all temperatures except that 
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steel C tested at 1200 F for 1000 hr 
showed a coarser general precipitate. 

Steel E (8 Cr, 1 Mo) tested at 1100 F 
remained unchanged for rupture times 
up to 154 hr, but after 2542 hr the 
pearlite had partially spheroidized. The 
specimens tested up to 100 hr at 1300 F 
showed carbide spheroidization and par- 
tial recrystallization in regions adjacent 
to fracture, and the 6080-hr specimen 
exhibited fewer but very coarse carbides 
and equiaxed grains of the same size 
throughout the specimen. 

During the tests at 1100 F, steel F 
(8 Cr, 1 Mo(Cb)) remained unchanged; 
however, the 1300 F specimens exhibited 
some recrystallization in the “necked- 
down” regions of the specimens which 
broke in times up to 40 hr, and the 
specimens which ruptured after longer 
test times remained equiaxed, Fig. 17. 
A heavy general precipitate, believed to 
be nitride, formed adjacent to inter- 
granular cracks in the long time 1300 F 
specimens. 

Steel G (12 Cr) tested at 1000 F re- 
mained substantially unchanged except 
for a fine general precipitation in the 
delta ferrite particles of the specimens 
tested for long times (3000 and 5358 hr). 
After tests at 1300 F, the steels con- 
sisted of alpha ferrite with resolvable 
carbides and also delta ferrite with a 
somewhat finer carbide precipitate; the 
carbides increased in size with longer 
times of test so that after the 2608 hr 
rupture time the delta regions were 
indistinguishable from the matrix. 

Steel H (12 Cr, } Mo) remained un- 
changed after the shorter test times at 
1000 F, but after the 1457 and 3000-hr 
tests, the delta ferrite particles were 
darkened by a very fine general pre- 
cipitate. During tests at 1100 F, no 
changes were found in the 1.25 and 
5.5-hr specimens; however, for test 
times longer than 100 hr the matrix 
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consisted of ferrite and fine carbides, 
and the delta ferrite regions contained a 
fine general precipitate. The specimens 
tested at 1300 F exhibited a ferrite 
matrix with a general carbide precipitate 
and delta ferrite particles with a general 
precipitate; in the longer-time specimens 
(158 hr and longer) carbide coalescence 
was found and the delta regions were no 
longer distinguishable. 

No microstructural changes were found 
in steels I (12 Cr, } Mo(B)) and J (12 Cr, 
} Mo(Cb)) after tests at 1000 F. 

After tests at 900, 1050, and short 
rupture times (1.2 and 23.2 hr) at 1200 F, 
steel K (17 Cr) remained unchanged. 
Tests for 418 and 2871 hr at 1200 F, 
however, resulted in carbide growth and 
some evidence of recrystallization in the 
‘“‘necked-down”’ regions of the fractures. 
After shorter times of test at 1350 F, 
elongated and some recrystallized equi- 
axed grains were found adjacent to the 
fracture. With increased time for rupture 
(150 and 1620 hr), the grains adjacent to 
the fracture were predominantly equi- 
axed, while elongated grains existed 
farther from the fracture, indicating the 
dependence of recrystallization on the 
degree of deformation; pronounced car- 
bide coalescence was shown by presence 
of fewer and much larger carbides. 


Some Observations on the Mechanism of 
Flow and Fracture at Elevated Tem- 
peratures: 


The phenomena of plastic deformation 
(flow) and subsequent fracture during 
creep-rupture testing are so interrelated 
that both have to be considered in any 
discussion of the mechanism by which 
metal flows and finally ruptures. Plastic 
deformation involves an intragranular 
flow (slip), and a grain boundary flow 
(slipless flow), and there may be an 
associated recovery and recrystalliza- 
tion, all depending on the metal, test 
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temperature, and strain rate. Fracture 
may be: (1) transgranular, that is, 
through the grains, often with a charac- 
teristic “‘necking-down” at the fracture 
or (2) intergranular, rupture propagating 
through grain boundaries, characterized 
in many cases, but not in all, by low 
elongation and reduction of area. An 
oversimplified explanation of plastic flow 
by creep, which has been widely ac- 
cepted, is that a strain hardening occurs 
in the first or decreasing rate of creep 
stage which is followed by the second or 
constant creep rate stage characterized 
by a balance between strain hardening 
and annealing; the third or accelerating 
rate stage is caused by predominance 
of the annealing effect. If this general 
explanation, which does not take into 
consideration the structural variations 
which result from test conditions, were 
accurate, a softening should take place 
during third stage creep. Hardness tests 
in the fractured or ‘“necked-down” 
regions of creep rupture specimens which 
deformed by third stage creep and in the 
matrix behind the “necked-down” region, 
Table VII, show that hardness may be 
actually greater in regions that had been 
subjected to accelerating creep than in 
the rest of the specimen or original 
material (see also (7)). 

Typical types of flow and fracture are 
shown macroscopically in Fig. 18 and 
microscopically in Figs. 15 to 17. In 
Fig. 18(a) is shown a specimen after a 
characteristic intergranular fracture; the 
microstructure of this specimen, Fig. 
17(d), (e), and (f), shows equiaxed 
grains, transverse intergranular voids and 
an irregular fracture surface. A character- 
istic transgranular fracture, for the same 
steel, with a greater elongation and 
reduction of area, is shown in Fig. 18(6); 
microstructurally this specimen, Fig. 
17(a), (6), and (c), shows elongated 
grains, a few longitudinal voids and a 


Fic. 18.—Illustration of Elongation and Reduction of Area After the Three Types of Fractures (X 4). 
Reduced to 24 size in reproduction. 


(2) Intergranular, Steel F (8 Cr, 1 Mo (Cb)), rupture time of 1400 hr at 1300 F, 49 per cent elon- 
gation and 62 per cent R. A. 

(6) Transgranular, Steel F (8 Cr, 1 Mo (Cb)), rupture time of 3.8 hr at 1300 F, 87 per cent elon- 
gation and 92 per cent R. A. 

(c) Recrystallization, Steel B (5 Cr, 0.5 Mo (Si)), rupture time of 48 hr at 1500 F, 198 per cent 
elongation and 98.5 per cent R. A 
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relatively smooth fracture surface. A 
specimen with unusually great elonga- 
tion and reduction of area which ex- 
hibited recrystallization in the region of 
fracture is shown in Fig. 18(c); the 
microstructure of the fracture region, 
Fig. 15(@) to (d), shows a clear delinea- 
tion between the recrystallized and un- 
recrystallized portions. A gradient of 
grain size in the recrystallized region is 
shown in the photomicrographs, ranging 
from fine at the fracture to coarse at 
junction of the matrix and recrystallized 
regions. It is evident from these illustra- 
tions that the degree of deformation at 
the temperature of test is effective in 
initiating recrystallization and forming 
various grain sizes, coarse grains forming 
in the region of critical deformation. 
Recrystallization diagrams obtained by 
deformation at the recrystallization tem- 
perature or deformation at room tem- 
perature followed by heating to the same 
temperature of recrystallization have 
the same general form and differ only 
in degree (10); therefore, the observed 
behavior is in accordance with estab- 
lished recrystallization theory. 

Complete recrystallization and grain 
growth is illustrated in Fig. 16(d), (e), 
and (f) for a specimen, steel B (5 Cr, 
3 Mo(Si)), tested for a long time (slow 
rate of creep) at a relatively high tem- 
perature (1500 F). For comparison, the 
microstructure of a specimen of the 
same steel tested at a lower temperature 
for a short time is shown in Fig. 16(a), 
(b), and (c). The greater elongation in 
Fig. 16(d) (90 per cent) compared to 
Fig. 16(a) (51 per cent) is noteworthy. 

Steel D (5 Cr, } Mo(Ti)) exhibited 
pronounced elliptical fractures after tests 
at all temperatures owing presumably to 
preferred orientation in the material 
as received and heat treated. All of the 
ruptured specimens had a difference in 
major and minor axes of 0.003 to 0.009 
in., with the exception of the specimen 


that ruptured in 3616 hr at 1200 F 
which showed a difference of 0.036 in. 
The explanation of this difference is not 
known. It is of interest to note that this 
steel initially exhibited a duplex grain 
size, whereas all of the other steels were 
fine grained (Table I). 


Flow and Fracture of Austenitic versus 
Ferritic Steels: 


Whereas, in general, austenitic steels 
are characterized by intergranular frac- 
ture for longer rupture times at elevated 
temperatures, ferritic steels, which in- 
clude the group studied in this investiga- 
tion, show a marked prevalence for 
transgranular fracture. A decrease in 
ductility, measured by elongation and 
reduction of area, with increasing rupture 
time was found, in general, for austenitic 
steels studied in a previous investigation 
(3), especially at the lowest test tem- 
perature; this marked drop in ductility, 
often associated with intergranular frac- 
ture, was not exhibited for the ferritic 
steels of this investigation, except for 
steel E tested at 1300 F. Another factor 
to be considered in connection with type 
of fracture is the break in the creep 
rupture curve which is generally con- 
sidered to be associated with the change 
from transgranular to intergranular frac- 
ture. Creep rupture curves’ for the 
austenitic steels (3) exhibited a break or 
two slopes for each steel and test tem- 
perature, whereas the creep rupture 
curves for the ferritic steels of this study 
showed a single slope in the majority of 
the cases. In contrast to the austenitic 
steels, however, the break in the curve, 
when observed, did not always corre- 
spond with change of fracture type. 

From the observations on fractures in 
austenitic and ferritic steels, it appears 
that austenitic steels offer a greater 
relative resistance than ferritic steels 
to intragranular flow and fracture at 
elevated temperatures so that the factors 
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of the so-called “‘slipless” flow and grain 
boundary strength assume an important 
réle in determining strength in creep and 
creep rupture. The greater intragranular 
strength of austenitic steels, which is 
presumably associated with the face- 
centered cubic lattice structure, is mani- 
fested in the higher creep and creep 
rupture strengths of austenitic steels 
compared to ferritic steels. If this reason- 
ing is correct, it may alsogbe predicted 
that whereas increased grain size may 
result in greater strength of austenitic 
steels, this should not be expected in 
ferritic steels within the temperature 
range investigated. 


SUMMARY 


Comparison of creep and creep-rupture 
strength of the three groups of steels 
(5 Cr, } Mo, 8 Cr, 1 Mo, and 12 Cr, $ 
Mo) with and without additional alloy- 
ing elements indicates that the steels 
containing columbium are strongest up 
to 1200 F; at higher temperatures the 
steels without any additional alloying 
elements other than molybdenum are 
slightly stronger. The 5 Cr, } Mo steels 
with silicon or titanium are weaker at 
all test temperatures than the plain 5 
Cr, } Mo or 5 Cr, } Mo(Cb) steels. 


Columbium addition to 8 Cr, 1 Mo steel tests. 
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Elevated Temperatures—The Hyperbolic 


increases strength up to 1200 F, but 
at higher temperatures the strength 
decreases. Plain 12 Cr steels are con- 
siderably weaker than 12 Cr, } Mo steels 
with or without other alloying elements. 
Of the 12 Cr, } Mo group tested at 
1000 F, the 12 Cr, } Mo(Cb) steel has 
the highest strength; the 12 Cr, }Mo(B) 
and 12 Cr, $ Mo steels are substantially 
equal in creep-rupture strength, but the 
boron-containing steel has higher creep 
strength. The 17 Cr steel is comparable 
in strength to the 5 Cr, } Mo steel, which 
is at the lower strength level of the 
series of steels investigated. 
Microstructural examination before 
and after creep and creep-rupture tests 
showed carbide spheroidization and re- 
crystallization to be the most significant — 
changes occurring during tests. No 
sigma was detected in steel K (17 Cr) by 
microscope or X-ray tests. Recrystalliza- 
tion was observed in several of the test 
specimens examined after test. 
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Mk. S. F. REITER! (presented in written 
form).—The authors have made another 
fine contribution to the information con- 
cerning the behavior of ferritic steels 
during high-temperature service. One of 
their conclusions, however, warrants 
qualification. 

The authors hold that both titanium 
and silicon additions to 5 per cent chro- 
mium, 3 per cent molybdenum steels 
caused a considerable loss of high-tem- 
perature strength. In the case of silicon, 
their data are definitely confirmatory. 
However, steel D, containing 0.55 per 
cent titanium was not directly compar- 
able with steel A since it (a) contained 
only 0.05 per cent carbon, and (b) re- 
ceived a low-temperature heat treatment 
at 1375 F, whereas steel A contained 0.13 
per cent carbon and was heated to 1550 
F. Certainly the microstructures of steels 
A and D as shown in Fig. 14 exhibit a 
great difference of structures. The low 
density of carbide particles in steel D 
is probably responsible for the coarse 
grain structure observed following the 
experimental heat treatment. It is quite 
probable that a 5 per cent chromium, } 
per cent molybdenum steel containing 
0.55 per cent titanium might have 
equivalent or superior high-temperature 
properties to a titanium-free steel having 
the same carbon content, if both received 
the same higher temperature treatment. 

Mr. GeorGeE F. Comstock? (presented 


1 Formerly, Metallurgy Research Department, General 
Electric Co., Schenectady, N. Y. Now, Technical Manager, 
Rome Fastener Corp., New Haven, Conn. 

2 Assistant Director of Research, National Lead Co., 
Niagara Falls, N. Y. 


DISCUSSION 


in written form).—This interesting and 
comprehensive paper will undoubtedly 
be referred to in the future as a standard 
reference to the subject, and it is un- 
fortunate, therefore, that the limitations 
very frankly admitted by the authors 
near the top of the second column of 
p. 647 are not reflected to even the slight- 
est degree in the summary. Few will 
notice the clarifying restrictions noted on 
p. 647, but many will learn from the sum- 
mary that “the steels containing colum- 
bium are strongest,” while the 5 per cent 
chromium, } per cent molybdenum steels 
with titanium are weaker than the plain 
5 per cent chromium, } per cent molyb- 
denum. It should be stated right here 
that this conclusion is drawn from only 
one steel of each type, heat treated in 
only one way. 

When the analyses of the 5 per cent 
chromium steels containing columbium 
or titanium are examined, it is seen that 
the columbium :carbon ratio is 10, while 
the titanium:carbon ratio is 11. The 
former is about what is required to 
stabilize the carbon with columbium, so 
that this steel is properly representative 
of its class, but the latter is more than 
twice as high as is required for carbon 
stabilization by titanium. It has been 
shown in a previous publication that 
such a high titanium:carbon ratio im- 
pairs the high-temperature strength of 5 
per cent chromium steel, and is not 
necessary to prevent air-hardening. 


Therefore, the authors’ choice of such a 
steel for the extensive work done in pre- 


Ae 
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paring their paper seem peculiarly un- 
fortunate, and largely nullifies their con- 
clusions as applied to titanium 5 per cent 
chromium steels in general. The coarse 
grains that they noted in the microstruc- 
ture would probably not have been found 
had the composition been properly rep- 
resentative of this grade of steel, and the 
rupture strength would certainly have 
been higher. 

The heat treatment of the authors’ 5 
per cent chromium-molybdenum-titan- 
ium steel might also be questioned. Heat 
treatment at 1375F is good for this 
grade of steel, if it follows rolling or rapid 
cooling from a‘higher temperature such 
as 1600 or 1700 F. But if the steel had 
been annealed before the authors ob- 
tained it, the treatment at 1375 F would 
not correct the weakening effect of slow 
cooling from a high temperature. Thus 
the structure and properties may have 
been affected by such a treatment. Fur- 
nace cooling from 1375 F was also un- 
fortunate, since air cooling of this grade 
is fully permissible, and may be better. 

Mr. R. A. Luta.3—What is the influ- 
ence of delta ferrite on the creep strength 
of straight type 410 steel and 410 alloyed 
with columbium, molybdenum, and 
titanium? Second, is a completely mar- 
tensitic structure necessary in order to 
obtain good creep strength? 

Messrs. E. J. Dutis anp G. V. SMITH 
(authors’ closure).—In carrying out these 
tests, we fully recognized that neither the 
composition of a specific grade nor its 
heat treatment would necessarily be those 
for optimum strength at elevated tem- 
peratures. In fact, there is so little known 
about the effects of such variables on 
most of these grades that it seems highly 
unlikely that optimum conditions were 
realized. We called attention to this in 
the text of the paper, but, by an over- 
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sight, failed to again mention it in the 
summary. 

It is therefore quite possible that the 5 
per cent chromium, molybdenum, tita- 
nium steel, about which Messrs. Reiter 
and Comstock comment, has not shown 
in as favorable a light as it might other- 
wise have. By the same token, however, 
it is also possible that the columbium- 
containing grade, for example, might 
also be greatly improved by appropriate 
selection of compositon and heat treat- 
ment. 

Whatever strength the 5 chromium- 
molybdenum, titanium grade might have 
under optimum conditions, it does ap- 
pear that the strengths evaluated in our 
tests for this grade are reasonably repre- 
sentative of commercial practice. When 
comparison is made with the results of a 
survey‘ of data on these and other grades 
made by the Data and Publications 
Panel of the Joint ASTM-ASME Com- 
mittee on Effect of Temperature on the 
Properties of Metals, it develops that the 
specific values for rupture in 1000 hr for 
5 chromium, molybdenum, titanium steel 
reported in the present paper fall slightly 
above an average curve drawn through 
the variation with temperature of the 
compiled data. Similar comparisons for 
the 5 Cr-Mo and 5 Cr-Mo-Si grades show 
the results of the present paper to fall 
slightly below the curves for the com- 
piled data. No compiled data for 5 Cr- 
Mo-Cb are available. 

We are unable to answer Mr. Lula’s 
questions concerning the influence of 
delta ferrite in type 410 steels and the 
need for a fully martensitic microstruc- 
ture. 

Much work needs to be done to deter- 
mine the conditions for optimum strength 
in these grades. 

4 The Elevated-Temperature Properties of Chromium- 


Molybdenum Steels, Am. Soc. aaa, Mats., (1953) (Is- 
sued as separate publication ASTM STP No. 151.) 


INFLUENCE OF SHARP NOTCHES ON THE STRESS-RUPTURE 
CHARACTERISTICS OF HEAT-RESISTING ALLOYS: PART II* 


By W. F. Brown, Jr.,! M. H. Jones,' anp D. P. Newman! 


SYNOPSIS 


Sharply notched and smooth bar stress-rupture tests were carried outona — 
number of ferritic low-alloy steels, ferritic stainless steels, and austenitic alloys. -_ 

The temperatures of testing in most cases covered the range of service applica- 
tion for the particular material. Data at these temperatures are reported for 
- rupture times between 0.1 and 1000 hr. 

The general time-temperature dependence of the notch effect in stress- 
rupture tests has been confirmed for a wide variety of materials. An analysis 
of the ductility data reveals that the smooth-bar reduction of area at fracture 
yields no definite information regarding the notch rupture sensitivity of a given 
alloy. The notch ductilities were found to conform with the previous hypothe- 
_ sis that the weakening effect of a sharp notch is associated with a retained 
stress concentration. 

Consideration of published data for total creep on certain of the alloys 
indicates that in some cases design for a certain total deformation would be 
limited by the notch strength. 


In a previous publication (1)? the au- 
thors described some results of an inves- 
tigation into the notch-rupture sensitiv- 
ity of several heat-resistant alloys of 
current interest to the gas turbine de- 
signer. Data for the following alloys were 
reported: (1) low-alloy steels, “17-22A” 
(S) and SAE 4340, (2) ferritic stainless 
steels, Crucible 422 and AMS 5616, and 
(3) austenitic alloys, Haynes 88 and In- 


This paper reports the results of an 
extension of the previous investigation 
to include the alloys “17-22A” (V), AMS 
5602, and Nimonic 80A. Additional tests 
have also been made on the previously 
reported alloys to extend the test tem- 
perature range to cover that normally 
encountered in service applications. 

On the basis of the previously reported 


conel X. The notch specimens employed 
possessed an extremely sharp, 50 per 
cent, 60-deg V notch. With the exception 
of ‘‘17-22A” (S) and Inconel X the data 
were available at only one or at the most 
two test temperatures. 


* Presented at the bi sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 
1 Research Metallur, Lewis Flight Propulsion 
Laboratory, National Laviney Committee for Aero- 
Cleveland, Ohio. 

he boldface numbers in parentheses refer to the list 
of pe nate appended to this paper, see p. 676. 


data it appeared possible to draw several 
tentative conclusions: (1) The weakening 
effect of a severe notch is probably a 
universal phenomenon common in vary- 
ing degree to all creep-resistant alloys; 
(2) There is no definite limiting value of 
the smooth-bar ductility, above which 
freedom from notch sensitivity is as- 
sured; (3) Notch sensitivity is associated 
with values of notch ductility less than 
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3 per cent, and (4) Notch-rupture sensi- 
tivity is a time-temperature dependent 
phenomenon. The rather extensive data 
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1850 F. After forging, the disks were 
annealed at 1575 F for 8 hr and then 
given the heat treatment shown in Table 


tion. 


MATERIAL AND PROCEDURE 


The composition, heat treatment, and 
the hardness of the alloys tested are 
shown in Table I. With the exception of 


Haynes 88 and AMS 5602 all material 
was received as ?- or 1-in. hot-rolled bar 
stock. The Haynes 88 was furnished as 
+4-in. diameter bars in the finished rolled 
condition as shown in Table I. The AMS 
5602 specimens were taken from 12-in. 
diameter, 1-in. thick disks. These disks 
were forged from 5-in. diameter, 10-in. 
cylindrical billets which were finished at 


NOTCH RADIUS 


TABLE I.—COMPOSITION, HEAT TREATMENT, AND HARDNESS OF ALLOYS TESTED. 
Composition, per cent Rock- 
Alloy Mo- | Mane! Heat Treatment | 
| Car Chee Nickel | !yb- | ga- Sili- Iron Others Cc 
nm mium de- | nese | com Scale 
num | 
“17-224” (S) 1.25 | 0.25 | 0.52 | 0.63 | 0.60 | Balance | V—0.25 | 1725 F, hr, Air:| 33 
| | 1200 6 6 hr, Air 
SAE 4340 | 0.37 | 0.74! 1.75 | 0.23 0.60 | 0.21 | Balance | 175 1750 F, % hr, Air: | 29 
| | 200 F, 2 hr,’ Air 
“17-224” (V) 0.26 | 1.36 | 0.34 | 0.51 | 0.62 | 0.68 | Balance | V—0.77 | 1800 F, 34 hr, Air: | 35 
| | | 1200 F, 6 hr, Air 
AMS-5602 0.16 | 4.94 0.59 0.41 | 0.40 | Balance | 1725 F, 1 hr, Air: 20 
1200 F, 6 hr, Air 
AMS-5616 0.12 12.88 | 1.98 0.50 | 0.35 | 0.31 | Balance | W—2.86 | 1800 F, 2 hr, Air: 36 
| | | 1050 F, 2hr, Air | 
Crucible 422 0.23 |13.19 | 0.65 | 1.03 | 0.81 | 0.16 | Balance | V—0.25 | 1900 F, ¥% hr, Oil: | 33 
W—0.84 1200 F, 2 hr, Air 
Haynes 88 0.07 12.48 | 15.48 | 2.74 | 1.38 | | 0.51 | Balance | W-0.77 | 2100 F, 1 hr, Air: | 28 
| | Ti—0.45 Worked 40 per cent 
| | | B—0.11 | at 1400F 
Nimonic 80A® | 0.1 | Balance 1.0 |1.0 | 5.0 | Ti-2.2 | 1976F,8 hr, Water: | 27 
max |max|max| max | Al—1.1 | 1292 F, 16 hr, Air 
| Co—2.0 
el X* | 0.08 |15 72 0.70 | 0.50 7 Ti—2.5 | 2100 F, 4 hr, Oil:| 32 
—_— | | Cb—1.0 1550 F, 24 hr, Air: 
| | Al-0.7 1300 F, 20 hr, Air 
~~ Nominal composition. 
now available permit careful re-examina- 
tion of these conclusions. In addition, an | 
attempt has been made to review the —}———-}--——- -—_ - -| ine 
published notch-rupture strength data 
to indicate the effects of alloy composi- 496R is 
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LESS THAN 0.001" FOR FERRITIC STEELS 
LESS THAN 0.002" FOR AUSTENITIC ALLOYS 


(b) NOTCHED SPECIMEN 


Fic. 1.—Stress-Rupture Specimens. 


I. Specimens were cut from blanks in 
both radial and tangential positions near 
the rim. 

The specimen types are shown in Fig. 
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1. The large radius was used on the mately 150 which corresponds to a tech- 
smooth bars to insure that fracture would _ nical elastic stress concentration factor 
occur in the minimum section. The of approximately five (2)? 


| 
SMOOTH 
N 
~ 
oo 10 = 
‘RUPTURE TIME, HR 7 


_ Fic. 2.—Notch and Smooth Rupture Strength for SAE 4340 at Several Temperatures. A. 


40 
20000 
0.01 0.1 10 100 1000 10000 
RUPTURE TIME, HR -* 
Fic. 3.—Notch and Smooth Rupture Strength for “17-22A” (V) at 1100F. 


notched bars possessed notch radii less The testing technique and equipment 
than 0.001 in. for all alloys except where were previously described in detail (1), 
otherwise noted. This radius provides a 43 According to Neuber (2), the technical stress concen- 
notch sharpness (ratio of one half the tration factor has a limiting value for extremely sharp 

notches. This limit results from the assumption that the 


diameter at the minimum section to the . material is composed of finite particles. The size of these 


rticles and consequenth: . limiting value may be dif- 
radius at the notch of approxi- FErent for different materials, 
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and with the exceptions discussed below 
were not changed. 

The first portion of this investigation 
was carried out using new creep machines 
and with new and carefully machined 
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either not large or nearly constant from 
test to test. As the investigation ex- 
panded, various types of older creep 
machines and loading rods were used. 
Under such conditions it was found that 


120000 
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RADIAL 0.010" R NOTCH 
x 80 
60 
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Fic. 4.—Notch and Smooth Rupture Strength 
Disk). 


for AMS 5602 at 1100 F (Specimens Cut from a 


Fic. 5. Notch and Smooth Rupture Streng 


loading rods. Under these conditions the 
notch strength data showed in most cases 
a reproducibility as good as that ob- 
tained with the smooth bars, indicating 
that eccentricity effects if present were 


> 
2 
x 
1000 F 
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th for AMS 5616 at Several Temperatures. 


high and extremely variable eccentricities 
were produced which did cause excessive 
scatter in the notch properties of the 
brittle alloys. It was found that the ec- 
centricity could be reduced greatly by 


e 
| 
= = 


= 


On INFLUENCE CF SHARP NOTCHES ON STRESS RUPTURE 665 


two methods: (1) careful machining of assembled in Figs. 2 to 8. Smooth and 
both specimens and loading rods to re- notched bar ductilities are shown in Figs. 
duce the eccentricities of these parts to 9 to 15. The ratio of the notch strength 


a minimum when assembled, and (2) the to the smooth-bar strength, designated _ 
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Fic. 6.—Notch and Smooth Rupture Strength for Crucible 422 at Several Temperatures. 
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introduction of universal joints between as the “notch rupture - strength ratio” © | 
the loading rods and the heads of the has been added to the latter figures. : 
i 
Rupture Strength of Ferritic Alloys: 
The influence of a notch onthe rupture 
The notch and smooth bar rupture properties of the ferritic steels, SAE 4340, 
strength data for the various alloys are ‘17-22A” (V), AMS 5602, AMS 5616, 
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and Crucible 422 is fundamentally simi- 
lar and identical to that reported previ- 
ously for the alloy “17-22A” (S). The 
magnitude of notch weakening and its 
time range vary both with the alloy and 
with the test temperature. In general, 


tures or long times at a given tempera- 
ture, it is possible to “recover” the notch 
strength as shown in Fig. 2 for SAE 4340, 
and Fig. 7 for Haynes 88. 

The low-alloy high-strength ferritic 
steel “17-22A” (V), Fig. 3, exhibits the 
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Fic. 9.—Notch Rupture Strength Ratio and Rupture Ductilities for SAE 4340 at Several 


Temperatures. 


the results confirm the conclusions that 


greatest notch sensitivity (at 1100 F) in 
the notch sensitivity is time-temperature 


the time range investigated. This pro- 


dependent in that the time of onset of 
notch sensitivity and the maximum notch 
weakening decrease with increasing tem- 
perature. At sufficiently high tempera- 


nounced effect for a similar steel ‘17- 
22A” (S) was previously reported (1). 
These steels are characterized by a rapid 
decrease of notch strength in a restricted 
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Fic. 10.—Notch Rupture Strength Ratio and Rupture Ductilities for “17-22A” (V) at 1100 F. 


1.8 
we 
oa 
14 = 
12 
1.0 
08 
SMOOTH | 
« 
10 
5 
s 4 TANGENTIAL 0.002" R NOTCH 4 
RADIAL 0.010" R NOTCH 
0.5 
> 
100 1000 


RUPTURE TIMESHR 
‘Fis. 11.—Notch Rupture Strength Ratio and Rupture Ductilities for AMS 5602 at 1100 F. 


range of rupture times. This rapid de- sensitivities at short rupture times. In 
crease, which occurs at comparatively contrast, the higher chromium steels, 
short time, combined with a rather stable AMS 5602, AMS 5616, Crucible 422, 
smooth-bar strength results in high notch Figs. 4, 5, 6, as well as the low-strength 
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- steel SAE 4340 exhibit a more gradual SAE 4340 and Crucible 422 are free from 
decrease of notch strength with increas- notch weakening for the ranges of times 
ing time to rupture. Notch weakening and temperatures investigated. For either 
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Fic. 12.—Notch Rupture Strength Ratio and Rupture Ductilities for AMS 5616 at Several 
Temperatures. 
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Fic. 13.—Notch Rupture Strength Ratio and Rupture Ductilities for Crucible 422 at Several 
Temperatures. 


was observed only for the AMS 5616 of these materials the highest test tem- 
and occurred at considerably higher times peratures resulted in a complete disap- 
than in the lower alloyed steels. Both pearance of the notch sensitivity. From 
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the trend of the curves it is not likely radii of 0.002 and 0.010 in. These corre- 
that notch weakening would be encoun- spond to notch sharpnesses of 75 and 15, 
tered at any time to rupture for the tem- respectively, as compared with 150 used 
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Fic. 14.—Notch Rupture Strength Ratio and Rupture Ductilities for Haynes 88 at Several 
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Fic. 15.—Notch Rupture Strength Ratio and Smooth Rupture Ductility for Nimonic 80A at 
Several Temperatures. 


peratures investigated, or at higher for the other materials in this group. In : 
temperatures. addition, the effect of directionality in a 

It should be noted that the tests on disk forging is shown, specimens having 
AMS 5602, Fig. 4, were made at notch _ been taken both radially and tangentially 
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near the rim. Within the limits of scatter- 
ing, the large variation in notch sharp- 
ness had no effect. This is expected for a 
ductile material (3), and there is no reason 
to believe a sharper notch would weaken 
the alloy. There was practically no dif- 
ference between the notch or smooth 
bar strengths for radial and tangential 
specimens. 


Rupture Strength of Austenitic Alloys: 


The rupture properties of the austenitic 
alloys Haynes 88.and Nimonic 80A are 
shown in Figs. 7 and 8. Both these alloys 
exhibit a response to notching very simi- 
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the notch rupture strength between 1 and 
1000 hr was practically independent of 
temperature for test temperatures from 
1350 to 1500 F. 


Rupture Ductilities: 


Both smooth and notch bar ductilities 
are shown in Figs. 9 to 15 for all alloys 
except Nimonic 80A. The notch duc- 
tility of this alloy, like Inconel X, was 
impossible to measure because of the 
extremely irregular nature of the frac- 
ture. The notch rupture - strength ratio 
has been added to the representations to 
show the correlation between the notch 
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Fic. 16.—Notch Rupture Strength Ratio as a Function of Notch Rupture Ductility for Several 


Alloys at the Indicated Temperatures. 


lar to that previously described for the 
low-alloy steels. However, the notch sen- 
sitivity is shifted to higher temperatures. 
For Haynes 88 the previously mentioned 
“recovery” effect is quite pronounced at 
1350 F and complete recovery has oc- 
curred at even the shortest rupture times 
at 1500 F. 

The behavior of these two alloys is 
different from that previously reported 
for Inconel X (1) in the same range of 
temperatures in that there is a distinct 
decrease in the notch strength at a given 
rupture time with an increase in the test- 
ing temperature, whereas for Inconel X 


effect and the measured ductilities. For 
each alloy there is a close correspondence 
between the trends of the notch ductility 
and the notch rupture - strength ratio.‘ 
No such general correspondence is ob- 
served for the smooth-bar ductilities. 
Thus, the smooth-bar ductility in the 
case of AMS 5616, Fig. 12, remains con- 
stant at short time to rupture, while the 
notch ductility and notch rupture - 
strength ratio are decreasing. Further- 


‘The relationships between notch rupture strength 
ratio and notch ductility for Haynes 88 at 1500 and 1550 F 
are complicated by recrystallization which was first ob- 
— to occur for rupture times of approximately 2 hr at 
1500 F. 
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more, the smooth-bar ductility of Cruci- 
ble 422, Fig. 13, changes only slightly 
with increasing rupture time at any of 
the test temperatures, while pronounced 
variations are noted in the notch rup- 
ture - strength ratio and notch ductility. 

If notch weakening is related to the 
presence of a retained stress concentra- 
tion at fracture, then the notch ductility 
should be extremely low for notch rup- 
ture - strength ratios less than unity. In 
a previous publication (1) it was pointed 
out that for “‘17-22A” (S), tested at 900, 
1000, 1100, and 1200 F, the notch rup- 
ture - strength ratio decreased continu- 
ously with decreasing notch ductility 
and that notch weakening was always 
associated with values of the notch 
ductility less than 2 to 3 per cent. The 
notch rupture-strength ratio for the 
alloys reported in this paper has been 
plotted against the notch ductility in 
Fig. 16. Because of wide differences in 
the deformation characteristics among 
the alloys investigated and because of 
the influence of temperatures on these 
characteristics, no universal relation is 
expected, such as that reported by 
Brown and Sachs (3) for tension tests 
on low-alloy steels. However, without 
exception notch strength ratios less than 
unity are associated with notch ductili- 
ties less than approximately 2.5 per 
cent. 

It is evident from the curves in Figs. 9 
to 15 that there is no limiting value of 
smooth-bar ductility corresponding to 
the onset of notch sensitivity, nor is an 
alloy possessing a very high smooth-bar 
ductility necessarily free from notch 
weakening. Thus, for AMS 5616, Fig. 12, 
the value of the smooth-bar ductility 
is approximately 55 per cent for a notch 
strength ratio of unity (30 hr at 1200 F); 
while for Haynes 88, Fig. 14, at the same 
temperature (22 hr) a smooth-bar duc- 
tility of 30 per cent corresponds to a 
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notch strength ratio of unity. Apparently 
the only statements that can be made 
regarding the significance of the smooth- 
bar ductility are: (1) Notch sensitivity 
should be suspected if at a given tem- 
perature the smooth-bar ductility 
decreases rapidly with increasing time to 
rupture, and (2) Notch sensitivity is often 
encountered when the smooth-bar ductil- 
ity is less than 1 or 2 per cent. This lat- 
ter statement is based on results reported 
by several German investigators’ for a 
series of extremely brittle low-alloy 
steels which develop a pronounced notch 
sensitivity when the smooth-bar duc- 
tilities drop below 2 or 3 per.cent. In 
contrast, Nimonic 80A at 1200 F, Fig. 
15, is not notch sensitive even though 
the smooth-bar ductility is less than 2 


per cent at all rupture times investigated. 7 


INFLUENCE OF THE ALLOY 
COMPOSITION 


Sufficient data are now available from 
this investigation and also from other 
published sources to make a tentative 
appraisal of the relative influence of 


notches on the stress rupture charac- 7 


teristics of various heat-resistant alloys 
in their temperature range of applica- 
tion. In the following discussion the 
effects of composition are summarized 
as they apply to those conditions of heat 
treatment usually recommended for the 
alloy. These heat treatments are pre- 
sumably those which result in an op- 
timum combination of strength and 
ductility. It is recognized that the con- 
clusions may have to be modified for 
other conditions of heat treatment. For 
the purposes of this discussion the alloys 
can be divided into three classes: (1) 
low-alloy ferritic steels, (2) ferritic stain- 
less steels, and (3) austenitic alloys. For 


the purpose of comparison, the data from 
5 These inrestigntions reported by Thum, Richard, 


Wellinger, Siebel, and others were recently summarized 
by Brown and Sachs (3). 
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the present investigation have been re- 
plotted in Fig. 17, which shows the notch 
and smooth-bar strengths as a function of 


garding the relative magnitude of em- 
brittlement of alloys in this class, 
additional information can be obtained 
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Fic. 17. —Notch and Smooth Rupture Strength as a Function of Temperature for the Caine 


Alloys at 1, 10, 100, and 1000 hr. 


the test temperature for 1, 10, 100, and 
1000 hr to rupture. 


Low Alloy Steels: 


From Fig. 17 it appears that the high- 
strength low-alloy steels exhibit notch 
weakening at temperatures which are 
considerably lower than ferritic stainless 
steels or austenitic alloys. The magnitude 
of the effect varies with the alloy and 
probably with the heat treatment.® Re- 


® It is now established (4) that high normalizing tem- 
peratures (above 1800 F) can in many cases reduce the 
smooth bar elongation of these steels to values less than 
1 per cent. 


from the work of Thum and Richard 
(5, 15) as well as other German investi- 
gators (3, 6). These investigations were 
generally carried out at 500 C (932 F). 
It is advantageous to divide the steels of 
this class into several types. The basic 
composition range for these steels in 
both this country and in Europe appears 
to be: 0.15 to 0.25 C, 1 to 3 Cr, 0.5 to 1 
Mo, and 0.2 to 0.7 Si. Modifications of 
the basic composition define the follow- 
ing types of steels: (1) Cr, Mo, V steels, 
(2) Cr, Mo, V, W steels frequently con- 
taining larger amounts of silicon and 
molybdenum, (3) Cr, Mo, Ni steels 
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either with or without vanadium and 
tungsten, and (4) steels presently under 
development containing boron and tita- 
nium sometimes in combination with 
vanadium. 

Steels of the basic composition (with- 
out additives) are not significantly notch 
sensitive. Cr, Mo, V steels are notch 
sensitive, the magnitude of the embrittle- 
ment increasing with vanadium content 
and with decreasing molybdenum and 
silicon contents. Cr, Mo, V, W steels are 
generally quite notch sensitive; however, 
the effect can be reduced by increasing 
the silicon content up to or slightly 
greater than 1 per cent. Cr, Mo, Ni 
steels are particularly notch sensitive, 
the magnitude of the effect increasing 
with the nickel content and also with the 
addition of vanadium and _ tungsten. 
Compositions of this type which contain 
small amounts of nickel can be improved 
by increasing the silicon and molyb- 
denum contents. There is no published 
information regarding the effects of 
notching on the titanium-boron com- 
positions. However, Clark (4) has re- 
ported values for smooth-bar elongations 
which in many cases are less than one 
per cent. 


Ferritic Stainless Steels: 


The information available for this 
class is much more limited than that 
for the low-alloy steels. For the most 
part the data are restricted to the 12 Cr 
types. From Fig. 17 it is apparent that 
the notch sensitivity in these steels 
develops at a considerably higher tem- 
perature than in the low-alloy ferritic 
steels. Furthermore, Crucible 422 does 
not appear to develop significant notch 
sensitivity under any of the testing con- 
ditions. This class of steels generally 
exhibits relatively high smooth-bar duc- 
tilities. However, this per se is not an in- 
dication of the absence of notch 
sensitivity (for example, AMS 5616). 


Thum and Richard (5) report that a 20 
Cr, 1 Mo, low-carbon ferritic stainless — 
steel is not weakened by notches at 500 C © 
(932 F) up to 100,000 hr. On the basis of — 
the few tests performed, it appears that 
the notch embrittlement of these steels 
is favored by high tungsten and vana- 
dium additions and reduced with in- — 
creasing Mo content. 


Austenitic Alloys: 


Very little information is available 
regarding the notch sensitivity of alloys 
in this class, including the so-called 
“super alloys.” From Fig. 17 it is evident 
that while Inconel X and Nimonic 80A 
are quite notch sensitive at 1300 and 
1400 F “recovery” has occurred at the 
preferred temperature of application 
(1500 F). At this temperature the alloys 
would presumably not be weakened by 
notching regardless of the time to failure. 
The boron-modified hot cold-worked 
stainless steel, Haynes 88, is very notch 
sensitive at temperatures between 1200 
and 1500 F. It should be noted here that 
according to Siegfried (7), cold deforma- 
tion definitely increases the notch ll 7 
tivity of the super alloy G18-B at 1200 F. 
Siegfried (8) has reported additional re- — 
sults on this alloy which indicate it to be 
notch sensitive at 650 C (1200 F) and | 
700 C (1290 F) in the solution-quenched 
condition. 


SIGNIFICANCE OF RESULTS 


The rather extensive tests 
here indicate that a variety of high- 
strength heat-resistant alloys may be 7 
weakened in creép loading by a sharp 
notch. These findings are supported by 
several other investigators both in this 
country and in Europe. 

It has now been established that the 
notch effect observed in stress rupture 
tests is time-temperature dependent both 
in magnitude and in its temperature 
range of occurrence. In addition, the 
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results indicate that the smooth-bar 
ductilities can yield no definite informa- 
tion regarding the notch sensitivity of a 
given alloy. 

The question now arises as to how the 
results of such tests are to be interpreted 
by the designer. In their present form 
the data definitely indicate that the 
effects of stress concentration cannot be 
ignored in the design of parts from many 
high-strength alloys. On the other 
hand, contrary to the authors’ previous 
conclusions (1), certain alloys (SAE 4340 
and Crucible 422) are for practical pur- 
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Important additional information 
which is now extremely limited concerns 
the influence of the magnitude of the 
stress concentration. This can probably 
best be obtained by investigating the 
effects of notch sharpness as was done 
recently by Davis and Manjoine (9) for 
a few alloys.’ If the elastic stress concen- 
tration factor and average stress for a 
part configuration is known, then it 
should be possible to arrive at a good ap- 
proximation of the life at a given tem- 
perature from experimentally determined 
curves relating the notch strength to the 
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Fic. 18.—Comparison of Notch and Smooth Rupture Strength with Total Creep for Inconel X 


at 1350 F. 


poses free from notch sensitivity even 
for the extremely high elastic stress con- 
centrations used in this investigation. 
The consideration of the influence of 
stress concentrations becomes particu- 
larly important in certain severe service 
applications where weight or other limi- 
tations require that extremely small 
margins of safety be used. For example, 
in the case of Inconel X, Fig. 18,- if a 
rather generous factor of safety of 1.5 
were used, the design stress for 100-hr 
life at 1350 F would about equal the 
sharp notch rupture strength of the ma- 
terial. 


notch sharpness. A comparison between 
the effects of notch sharpness observed 
in stress rupture tests and in room 
temperature tension tests (3, 6) has 
shown the effects of sharpness in these 
two tests to be essentially similar for the 
alloys thus far investigated. 

A further consideration is based on 
those service applications where the 
limiting factor is the time to reach a 
certain amount of total creep at a given 


7It should be mentioned that Davis ond Manjoine 
have shown notch weakening in the all oy K-42-B for 
elastic stress concentration factors only slightly greater 
than two. This would correspond to a 0.024-in. radius 
notch in the specimens used in this investigation. 
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stress and temperature. Total creep data 
are rather difficult to find in the litera- 
ture for the alloys reported liere. How- 
ever, such data for “17-22A” (S) disks 
have been reported by Freeman (10) and 
the manufacturers’ data books give data 
for Inconel X (11) and Nimonic 80A (12). 
These data have been plotted in Figs. 8, 
18, 19.2 For these alloys, a design for 
certain total deformation would be 
limited by the effects of a stress concen- 
tration. For example, the curves for 1 
per cent total creep “17-22A” (S) at 1000 
and 1100 F, Fig. 19, intersect the notch 
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if a notch sensitive alloy possesses ex- 
tremely high resistance to creep. This is 
the case for both Inconel X and Nimonic 
80A, Figs. 18 and 8. The creep data 
shown for these alloys at temperatures — 
of 1350 and 1400 F, respectively, indicate — 
that the effects of stress concentrations — 
should be considered when limiting total — 
deformations are greater than a few 
tenths of a per cent. 

While no definite evidence is yet avail- 
able, it is felt that notch rupture tests 
should reveal qualitative information 
regarding the relative susceptibility of 
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rupture - strength curves at times of 
approximately 200 and 30 hr, respec- 
tively, and at higher times the notch 
rupture strength is below the stress for 1 
per cent total deformation. Thus, it 
would be possible to fracture a part in a 
section containing a stress concentration 
before the limiting deformation was 
reached in an adjacent section (assuming 
the average stress in both sections to be 
the same). This situation is aggravated 


® In all cases the reported rupture data agreed well 
with that shown in this paper, and it would seem reason- 
able to assume the creep data would also be representative 
of the alloys tested in this investigation. 


RUPTURE TIME, HR 
Fic. 19.—Comparison of Notch and Smooth Rupture Strength with Total Creep for “17.224” 


an alloy to embrittling factors other than 
notches. This speculation is supported by 
a considerable amount of evidence ac- 
cumulated in the study of short time 
tensile and impact properties of low 
alloy steels. Thus, it has been pointed 
out by Sachs (13), Ripling (14), and others 
that steels which are notch sensitive in 
room-temperature static tests are also 
those subject to embrittlement in impact 
or tensile loading (without notches) at 
low temperatures. In creep loading, the 
notch specimen appears in every case to 
fail in an intercrystalline manner. There- 
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fore the notch strength should be an in- 
dication of the strength of the crystal 
boundaries under conditions of high 
stress and restraint. These conditions 
can occur in other types of high-tempera- 
ture loading during service. 
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TIME-TEMPERATURE DEPENDENCE OF THE NOTCH EFFECT AND 


Based on tests performed over a 


INFLUENCE OF NOTCH DEPTH IN STRESS RUPTURE TESTS 


ON A Cr-Mo-V STEEL* 


By D. P. Newman,! M. H. Jones,' anp W. F. Brown, js 


SYNOPSIS 


Notch and smooth bar stress-rupture tests were carried out on the Cr-Mo-V 
steel ‘17-22A” (S) over a wide range of temperatures from 600 to 1350 F. 
This systematic series of tests was designed to yield precise information on the 
time-temperature dependence of the notch effect in this low-alloy steel. The 
specimens possessed 50 per cent, 60 deg, sharp V notches and were tested for 
times up to 1000 hr. 

It was found that the trends of both the notch rupture - strength ratio and 
the notch ductility, when plotted against testing temperature with time as a 
parameter, conform with the previously advanced hypothesis that a precipita- 
tion reaction is associated with the notch sensitivity. A further analysis of these 
data yields an activation energy for the process which is close to that obtained 
for diffusion of C in alpha iron. Hardness values taken from the heads of the 
broken bars indicate that precipitation can be induced by heating alone. 

The same steel was used to investigate the influence of notch depth 
at 1100 F. Several depths between 5 and 84 per cent were selected, and suffi- 
cient tests were made to determine the influence of depth at times between 
approximately 0.1 and 300 hr. The results indicate a strong similarity between 
the behavior of a notch ductile alloy in stress-rupture tests and in room tem- 
perature tension tests. For the notch brittle conditions, it was found that the 
depth at which the onset of notch sensitivity occurred is shifted to lower values 
with an increase in the testing time. In addition, for rupture times exceeding 
a certain value, it appears that any sharp notch, however shallow, results in 
weakening. 


limited range of stress and temperature 
but on a wide variety of alloys, the 
authors (1)? have suggested that the 
weakening effect of notches observed 
in stress rupture tests is a time-tem- 
perature dependent phenomenon. In 
addition, it has been postulated that the 


* Presented at the Le: “a Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Resear Lewis Flight Prcpulsion 
Laboratory, Notions dvisory Committee for Aero- 
nautics, Cleveland, 

2 The boldface in 
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notch sensitivity observed in a number 
of heat-resistant alloys may be related 
to structural changes taking place during 
the course of the test. 

It is rather difficult to examine these 
postulates critically in light of the evi- 
dence presented to date in the literature. 
In general, no systematic series of notch 
rupture tests that covers a wide range of 
both stress (time) and temperature has 
been carried out on a single alloy. 

Furthermore, there appears to be no 
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direct evidence to indicate a correlation 
between microstructural changes occur- 
ring in a creep test and notch rupture 
sensitivity. However, several investi- 
gators including Smith e al. (2) and 
Miller ef al. (3) report that low-alloy 
steels subject to long-time exposure at 
elevated temperatures undergo a pre- 
cipitation which is presumably asso- 
ciated with the presence of molybdenum. 
In addition, it has been shown (2) that 
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(a) Unnotched Specimen 
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50% 0.424 


Fic. 1.—Stress-Rupture Specimens. 


the high-temperature exposure of these 
steels may reduce the transition tem- 
perature in impact tests. Several investi- 
gators including Siegfried (4), Davis and 
Manjoine (5), and the authors (1) have 
made studies of the microstructure of 
fractured notched specimens using con- 
ventional techniques. The results of 
such investigations cannot be directly 
correlated with the observed embrittle- 
ment in the notch test. These studies are 
extremely difficult since it is probable 
that the quantity of materia] involved 


678 NEWMAN, JONES, AND BROWN 4 


is very small and that the maximum 
effects on the mechanical properties 
would occur when this material was in a 
very fine state of dispersion. In addition, 
the matrix of many of the alloys, par- 
ticularly the low-alloy steels, is filled 
with carbides, formed during the heat 
treatment which may mask other pre- 
cipitated phases. 

An understanding of the complex 
phenomena involved in high-temperature 
embrittlement and notch sensitivity 
requires, in addition to the above men- 
tioned studies, a knowledge of the effects 
of the geometrical variables of the notch. 
The effects of notch sharpness in stress 
rupture tests have been investigated by 
Siegfried (6) and by Davis and Man- 
joine (5). It has been pointed out (7)° 
that, on the basis of the tests made 
thus far, the influence of this geomet- 
rical variable on the fracture charac- 
teristics in creep loading is essentially 
similar to that observed in room tem- 
perature tension tests. On the other 
hand, a similar analysis of the effects 
of notch depth cannot be made on the 
basis of the very limited tests reported 
in the literature. Siegfried (6) has re- 
ported data for three notch depths (at 
four sharpnesses) for a tin-cadmium 
alloy tested at room temperature. A 
few tests at 1200 F on 19-9DL alloy 
for one stress level and for three notch 
depths were reported by Davis and Man- 
joine (5). In contrast, extensive room 
temperature investigations have been 
made by Sachs, Lubahn, and Ebert 
(8) which clearly indicate the effects 
of notch depth and notch sharpness 
in tension tests on low-alloy steels. 

The present investigation was de- 
signed to reveal fundamental informa- 
tion regarding the following: (1) a 
more precise knowledge of the time- 
temperature dependence of the notch 


8 W. F. Brown, Jr., D. P. Newman, and G. Sachs, dis- 


cussion of paper by Davis and Manjoine (5). 
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(b) Notched Specimen 


EFFect on STRESS RUPTURE TESTS ON STEEL 


effect in stress rupture tests, (2) evi- 
dence for structural changes accom- 
panying the creep process which might 
account for the embrittlement, and (3) 
the influence of the notch depth on the 
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tribute best to an understanding of the 
basic phenomena involved. The alloy 
selected was a high strength chromium- 
molybdenum-vanadium steel developed 
by Timken and designated as “17-22A” 
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notch strength over a wide range of 
stresses at one test temperature. It 
was felt that a systematic series of tests 
on one alloy covering a wide range of 
the experimental variables would con- 


RUPTURE TIME, HR 
Fic. 2.—Notch and Smooth Rupture Strength for “17-22A” (S) at Several Temperatures. 


(S). This material is highly uniform 
and is representative of a large class 
of creep-resistant low-alloy steels now 
of great interest and undergoing rapid 
development. 
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MATERIAL AND PROCEDURE 


The “17-22A” (S) steel used in this 
investigation had the following com- 
position: 0.30 C, 0.58 Mn, 0.015 P, 
0.020 S, 0.63 Si, 1.24 Cr, 0.21 Ni, 0.50 
Mo, 0.12 Cu, and 0.25 V. Specimen 
blanks were cut from 1 in. diameter hot- 
rolled bar stock. These blanks were nor- 
malized at 1725 F 3 hr and air cooled, and 
then tempered at 1200 F for 6 hr and air 
cooled. The Rockwell C hardness was 33. 
Specimen blanks for the investigation of 
notch depth were heat treated in one 
group. 
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specimen loading rods and the heads of 
the creep machines. This procedure re- 
sulted in a considerable reduction in the 
eccentricity of loading (9) and conse- 
quently reduced the scatter in the notch 
strength values. 

For the investigation of notch depth, 
seven stresses were selected. The range 
of stress was sufficiently wide to be 
representative of the behavior of the 
alloy at 1100 F in both the notch- 
brittle and the notch-ductile conditions. 
The previously mentioned constant notch 
diameter (equal to that of the minimum 
diameter of the smooth bars) 


was 
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RUPTURE TIME, HR 


Fic. 3.—Notch Ductility for “‘17-22A” (S) at Several Temperatures. 


Specimen types are shown in Fig. 1. 
Investigations of time-temperature de- 
pendence of the notch strength were 
made using a notch depth of 50 per cent. 
Various notch depths were obtained by 
holding the notch diameter to 0.300 in. 
and varying the diameter of the cylin- 
drical section to produce depths between 
5 and 84 per cent. For all tests the notch 
radius was machined with a lathe tool 
to 0.001 in. or less. 

The testing procedure and equipment 
have been previously described (1). In 
the investigation of notch depth, uni- 
versal joints were inserted between the 
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maintained to minimize the effect of 
section size. 

The Rockwell A hardness was meas- 
ured on 0.25-in. diameter cylindrical 
specimens machined from the heads of 
the fractured rupture specimens used 
in the investigation of time-temperature 
dependence of the notch effect. The 
hardness values reported represent an 
average of five readings. 


TIME-TEMPERATURE DEPENDENCE 
OF THE NotcuH EFFECT 


The results of smooth and notch bar 
tests on “17-22A” (S) at 600, 700, 800, 


NotcuH EFFECT ON StRESS RUPTURE TESTS ON STEEL 


900, 1000, 1100, 1200, 1275, and 1350 
F* are assembled in Figs. 2 and 3. Notch 
and smooth bar strengths are plotted in 
Fig. 2; notch bar ductilities are shown 
in Fig. 3. 
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highest test temperature the notch 
strength curve is tangent to the curve 
for the smooth bars. At still higher 
temperatures, presumably only notch 
strengthening would be observed. The 
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Fic. 4.—Notch and Smooth Rupture Strength of “17-22A” (S) as a Function of Temperature for 


Various Rupture Times. 


From Fig. 2 it is established that both 
the magnitude of the notch sensitivity 
and its time range are temperature de- 
pendent. The notch sensitivity decreases 
with increasing temperature, and at the 
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time of onset of notch sensitivity is 
shorter, the higher the temperature, 
up to a temperature between 1275 and 
1350 F. At still higher temperatures, 
the onset of notch sensitivity shifts to 
longer times. At sufficiently long times 
to rupture (at any temperature), the 
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notch weakening disappears and notch 
strengthening occurs (for example, at 
1200 and 1275 F). This “recovery” 
occurs earlier with increasing tempera- 
ture. 

Some further insight into the behav- 


in the onset of notch sensitivity to longer 
times above a certain temperature (Fig. 
2). In addition, the decrease in the mag- 
nitude of the notch sensitivity with in- 
creasing temperature and decreasing 
time indicates that for very short times 
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Fic. 5.—Notch Rupture Strength Ratio and Notch Ductility for “17-22A” (S) as a Function of 
Test Temperature for the Rupture Times Indicated. 


ior described above can be obtained 
if the results are replotted with test tem- 
perature as the independent variable 
and rupture time as parameter (Fig. 4). 

Except at the highest testing tempera- 
tures, the rate of decrease of strength 
with temperature is greatest for the 
notched bars. This difference in rate is 
most pronounced in the temperature 
range between 1000 and 1200 F. In 
contrast, at the highest testing tempera- 
tures this trend is reversed, and the 
notch strength changes less with tem- 
perature than the smooth bar strength. 
This latter behavior in combination 
with the decrease in the magnitude of 
the notch sensitivity with increasing 
temperature explains the observed shift 
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Fic. 6.—Time-Temperature Relation for the 
Minima in Notch Rupture Ductility in Fig. 5(6). 
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to rupture no notch sensitivity would be 
observed at any temperature. 

The time-temperature dependence of 
the embrittlement is also reflected in a 
plot of the notch bar ductilities against 


NotcH EFFECT ON STRESS RUPTURE TESTS ON STEEL 


The effects of time and temperature 
on strength discussed above can be best 
represented by plotting the ratio be- 
tween the strengths of the notch and 
smooth bars (notch rupture - strength 


for “17-22A” (S). 

the time to rupture with temperature 
as parameter (Fig. 3). These curves 
bear a strong similarity to those ob- 
tained when the room temperature ten- 
sile ductility of an age-hardening alloy 
is plotted as a function of the aging time 
with aging temperature as a parameter. 
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HEATING TIME, HR 
Fic. 7.—Hardness as a Function of Heating (Rupture) Time with Temperature as Parameter 


ratio) against the testing temperature, 
with rupture time as parameter (Fig. 
5(a)). 

This representation differs from that 
previously formulated (1) on the basis 
of more limited data. It now appears 
that a constant notch rupture - strength 
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ratio of 1.5 is developed for sufficiently 
short times to rupture at any tempera- 
ture. This value of maximum strengthen- 
ing is in agreement with that predicted 
theoretically for this notch geometry, 
and with that obtained in room tempera- 
ture tension tests on low-alloy steels 
(10, 11). For a given rupture time, the 
notch rupture- strength ratio deviates 
downward from a value of 1.5 at a tem- 
perature which is higher the shorter the 
rupture time. At a given time the notch 
rupture - strength ‘ratio passes through 
a minimum which occurs at progressively 
lower temperatures and is deeper with 
increasing rupture time. The recovery 
of the notch rupture - strength ratio from 
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Fic. 8.—Hardness Ratio as a Function of 
Test Temperature at Several Heating Times 
(Times to Rupture) for “17-22A” (S). 


the minimum value is most pronounced 
at the longest times to rupture. Figure 
5(b) shows a plot of the notch ductility 
as a function of the test temperature. 
It is noted that these curves are very 
similar to those obtained in Fig. 5(a) 
for the notch rupture - strength ratio.® 
These representations give support 
to the previously advanced hypothesis 
that notch rupture sensitivity in this 
alloy is associated with a structural 
change such as a precipitation. An es- 
timate may be made of the activation 
energy for the structural change from 
the trend of the notch rupture ductility 
curves in Fig. 5(6). If it is assumed that 


6 The influence of ductility on the retained stress con- 
centration as well as the influence of the stress state in 
notch tests at elevated temperatures has been discussed 
previously in detail (1, 7). 
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the minima in the notch ductility repre- 
sent equivalent stages in the precipita- 
tion process, then the temperatures 
and times at the various minima should 
be related by the rate equation: 


where 

t = rupture time, 

r absolute temperature, 
R = gas constant, 


= activation energy, and 
k and C = constants. ; 


The equation implies that a plot of 
log ¢ versus 1/T should be linear and 
that the slope of the line is equal to the 
activation energy. This plot (Fig. 6) 
yields an activation energy of approxi- 
mately 25,000 cal per mol. This com- 
pares with 20,000 cal per mol obtained 
by Wert (12) for the diffusion of carbon 
in @ iron. The value of 25,000 cal per 
mol reported here is only approximate, 
since the positions of the minima in 
the ductility curves are not precisely 
established. In comparing values it 
should be remembered that the energy 
determined by Wert was obtained in the 
absence of plastic strain and at lower 
temperatures. While the temperatures 
and times at the ductility minima are 
related by the rate equation, the mag- 
nitude of the embrittlement and there- 
fore the notch strength would not be 
expected to follow a simple time-tem- 
perature relation. Thus the precipitate 
exerts a variable effect on the strength 
depending on its structure, which is in 
turn determined by both time and tem- 
perature. 

In spite of the uncertainties still in- 
volved, it is believed that the observed 
effects are best explained by a diffusion 
of carbide in the @ iron matrix. This 
steel contains strong carbide formers, 
and it has been noted (9) that the degree 
of embrittlement increases with the 
addition of carbide forming elements. 


The precipitation of carbides could act 
in two ways to reduce the ductility: 
(1) it could strengthen the grains and 
thereby inhibit grain boundary move- 
ment which would normally act to re- 
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graphic examination indicates that notch 
rupture sensitivity is associated with 
intercrystalline fractures. However, the 
mere presence of intercrystalline frac- 
tures does not indicate notch sensitivity, 
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RUPTURE TIME, HR 
Fic. 9.—Smooth and Notch Bar Rupture Strengths at Several Notch Depths for “17-22A” (S) 


Tested at 1100 F. 


lieve the stress concentration, and (2) 
it could embrittle the grain boundaries 
and thereby cause them to fracture at a 
point of high stress concentration. The 
emphasis has been placed on the réle 
of the grain boundaries, since metallo- 


since such fractures also occur in regions 
of notch strengthening observed when 
the notch strength recovers at long 
times to rupture. In order to gain a 
further understanding of the complex 
embrittling mechanism, tests are needed 
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that will directly indicate the réle of 
stress in the embrittlement occurring 
with progressive time at a given tem- 
perature, and that will yield informa- 
tion regarding the development of failure 
in notch bars. 


HARDNESS STUDIES 


The hardness of the heads of the speci- 
mens is shown in Fig. 7 as a function of 
rupture time with temperature as a 
parameter. Since the heads are strain 
free, the hardness changes are due to 
heating alone. The curves show con- 
siderable scatter, particularly at the 
higher testing temperatures, for two 
reasons: (1) The heads of the specimens 
varied in temperature from the test 
section by an amount which depended 
on the type of furnace. This variation 
in some cases was 25 F. (2) The heating 
time before loading was between 2 and 3 
hr. This variation would be expected 
to be significant only for the short 
rupture times at the higher tempera- 
tures. 

In spite of the scatter and the rela- 
tively small changes in hardness, defi- 
nite trends in the curves are evident. 
If only agglomeration of the structure 
occurred during heating, then the hard- 
ness at a given temperature should de- 
crease continuously with increasing time 
and the rate of decrease at a given time 
should increase with temperature. The 
dotted curves in Fig. 7 have been drawn 
in conformance with this basic behavior. 
These curves were derived from a plot 
of the hardness as function of tempera- 
ture with time as parameter. In spite 
of the scattering, it is felt that the hard- 
ness data show deviations from these 
basic curves which might be expected 
if precipitation hardening occurred. In 
order to compare these hardness varia- 
tions with time-temperature variations 
of notch sensitivity, the ratio between 
the measured hardness and that taken 


from the dotted curves at a correspond- 
ing time has been plotted against tem- 
perature for times of 0.01, 0.5, 1, 10, 100, 
and 1000 hr. These curves, Fig. 8, ex- 
hibit maxima that shift to lower tem- 
peratures with increases in time. Also, 
the magnitude of the maxima is greatest 
at the highest temperatures (shortest 
times). Comparing Fig. 5(a) with Fig. 8, 
it is seen that the temperature of maxi- 
mum hardening is nearly coincident 
with that of the maximum notch sensi- 
tivity for times of 100 and 1000 hr. 
At shorter times the minimum in the 
notch strength ratio occurs at tempera- 
tures lower than that of maximum hard- 
ening. In addition, it appears that the 
maximum notch sensitivity is produced 
at times that yield the smallest changes 
in hardness. 


Errect oF Notcu DEptu 


The data obtained at 1100 F using 
various notch depths are assembled 
in Fig. 9, which shows the notch and 
smooth bar strengths as a function of 
rupture time with notch depth as param- 
eter. 

These curves are similar in that a 
transition from notch strengthening to 
notch weakening occurs for all notch 
depths investigated as the time in- 
creases. However, the magnitude of 
both the strengthening and the weaken- 
ing vary with the depth. Moreover, the 
time of onset of notch weakening ap- 
pears to decrease with increasing notch 
depth. 

In order better to visualize the ef- 
fects of notch depth in stress rupture 
tests and to permit comparison with 
those observed in room temperature ten- 
sion tests, the notch rupture - strength 
ratios have been plotted in Fig. 10 as a 
function of the notch depth with rup- 
ture time as a parameter. 

At short rupture times the notch rup- 
ture - strength ratio first increases with 
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notch depth and then gradually de- 
creases. The rate of increase is less and 
the maximum values attained are lower 
with increasing time to rupture. If the 
rupture time is sufficiently long (5 hr), 
the notch-strength ratio decreases to 
values less than unity, after passing 
through a maximum. At longer rupture 
times, the notch-strength ratio con- 
tinuously decreases with increasing depth 
to a nearly constant value at depths 
greater than approximately 60 per cent. 


2.0 
18 
O2 HR 
1.6 
= 05 
= 1.4 7 
w 
3 
5 '0 
5 
100 
0.8 
0.6 4 TOO 


NOTCH DEPTH. PER CENT 
Fic. 10.—Notch Rupture Strength Ratio as 
a Function of Notch Depth with Rupture Time 
as Parameter for ‘‘17-22A” (S) at 1100 F. 


In general, the curves decrease in level 
with increasing time to rupture. How- 
ever, at notch depths greater than 60 
per cent, the notch-strength ratios at 
30 and 100 hr to rupture are identical. 
This might be expected, since with in- 
creasing rupture time the notch strength 
would eventually recover (Fig. 2). Thus 
a rise in the level of the curves shown in 
Fig. 10 would occur for times exceeding 
a certain value. The nature of the notch 
rupture - strength ratio curves in this 
time range cannot be determined on the 
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basis of the present tests since the effect 
of notch depth on the recovery time is 
not known. 

The influence of notch depth in stress 
rupture tests may be compared with the 
influence of this variable in room tem- 
perature notch tension tests. Sachs, 
Lubahn, and Ebert (8) determined the 
notch tensile strength as a function of 
the notch depth for SAE 3140 heat 
treated to various strength levels. For 
purposes of comparison, notch tension 
data have been selected at three strength 
levels, 145,000, 220,000, and 240,000 psi, 
corresponding to tempering temperatures 
of 1000, 740, and 650 F, respectively. 
In Fig. 11(a), two notch ductile condi- 
tions of this steel (145,000- and 220,000- 
psi strength levels) are compared with 
two notch ductile conditions of ‘17- 
22A” (S) in rupture tests (0.2 and 1.0 
hr). A similar comparison for notch 
brittle conditions is made in Fig. 11(6) 
using the 240,000-psi strength level 
steel and the 100-hr rupture tests. 

The curves for rupture tests and those 
for tension tests are basically similar in 
several respects: (1) The notch strength 
ratios for the most ductile conditions in 
either test exhibit a continuous in- 
crease with increasing depth. This in- 
crease follows the theoretical linear rela- 
tion (8) up to high notch depths. (2) 
The deviation from theoretical behavior 
occurs at lower depths for conditions 
possessing lower notch ductilities. (3) 
The notch sensitive conditions possess 
very low notch ductilities. 

On the other hand, there are two 
definite dissimilarities: (1) The effect 
of the decrease in the effective stress 
concentrations at high notch depths 
does not produce a pronounced increase 
in the notch-strength ratio of the rup- 
ture tests, as is observed for the 240,000- 
psi steel. (2) The 100-hr rupture tests 
exhibit a decrease in notch-strength 
ratio with increasing depth for any 
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depth however shallow. This is in con- 
trast to the 240,000-psi steel which is 
notch strengthened at depths less than 
30 per cent. 


SUMMARY OF RESULTS 


On the basis of the tests reported 
here, the following statements may be 
made regarding the influence of time, 
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the notch strengthening is gradually 
reduced and replaced by notch weak- 
ening. The weakening effect develops to 
a maximum and then decreases. At 
sufficiently high rupture times, notch 
strengthening is again observed. With 
increasing test temperature, the time of 
onset of notch weakening is reduced and 
the magnitude of the effect decreases. 
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Fic. 11.—Notch Strength Ratio and Notch Ductility as a Function of Notch Depth for 1100 F 
Stress-Rupture of “17-22A” (S) and for Room Temperature Tension Tests of SAE 3140. 


temperature, and notch depth on the 
notch stress rupture characteristics of 
the low-alloy Cr-Mo-V steel ‘17-22A” 
(S): 

1. Tests covering a wide range of 
temperature and stress indicate that 
notch sensitivity in this alloy is a com- 
plex function of both time and tempera- 
ture. In the temperature range of appli- 
cation (1200 F), a 50 per cent, sharp, 
60 deg “V” notch produces approxi- 
mately 50 per cent increase in the 
strength of this alloy at sufficiently 
short times to rupture. With increasing 
rupture time at a given temperature, 


2.An analysis of both the notch 
strength and notch ductility data 
strongly suggests a precipitation of car- 
bide is associated with notch sensitivity 
in this steel and that the precipitate acts 
to cause retention of a portion of the 
high initial elastic stress concentration 
at failure. 

3. A study of the changes in hardness 
with heating time and temperature re- 
veals that this steel undergoes a slight 
hardening effect with increasing time at 
a given temperature. This effect de- 
velops to a maximum at a time that is 
shorter the higher the temperature. 
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These variations in hardness lend further 
support to the concept that a precipita- 
tion reaction is associated with notch 
sensitivity in this alloy. 

4. For notch ductile conditions of the 
alloy (rupture times less than 1 hr at 
1100 F), the effect of increasing notch 
depth is to increase continuously the 
notch-strength ratio. 

5. At 1100 F the time of onset of 
notch weakening occurs at slightly re- 
duced times with increases in notch 
depth. 

6. At rupture times yielding the maxi- 
mum notch sensitivity at 1100 F, any 
notch however shallow results in notch 
weakening. = 
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Mr. W. Srecrriep.'—The authors of 
this paper have succeeded in establishing 
systematic relationship between various 
factors connected with the embrittlement 
of metals in long-time creep tests. Two 
points in particular are put forward in a 
very convincing way, namely, that em- 
brittlement at high temperatures is de- 
pendent on time and that certain definite 
relations exist between precipitation re- 
actions and embrittlement. 

The results published here are con- 
firmed by the experience carried out in 
the laboratory of Sulzer Brothers at 
Winterthur.? There also it was observed 
that in long-time creep tests on notched 
specimens and on models of blade-root 
connections of austenitic steels the notch 
effect first rose with increasing times and 
then dropped off at even longer times, 
this being the case both with the test 
specimens and with the models. The 
same phenomenon was observed in long- 
time creep tests carried out with tin- 
cadmium alloys at room temperature. It 
thus seems that there is some general law 
behind the phenomena observed by the 
authors in a chromium-molybdenum- 
vanadium steel. In our own tests on an 


1 Sulzer Brothers, Ltd., Winterthur, Switzerland. 

2 W. Siegfried, ‘‘ Investigations into the Influence of 
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— on Strength and Ductility of Metals at Elevated 
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Notches and Metallurgical Changes, p. 93, Am. Soc. Test- 
ing Mats. (1953). (Issued as separate publication ASTM 
STP No. 128. 
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DISCUSSION 


austenitic chromium-nickel-cobalt steel 
of the following analysis: 


0.4 
Manganese, Per CONE... 0.8 
1.0 
2.5 
Molybdenum, per cent................. 2 
3 
10 


we also found that the notch sensitivity 
in the creep test is associated with pre- 
cipitation reactions. We also established, 
it is true, that the rate of the precipita- 
tion processes, which was determined 
from the change in the properties at 
room temperatures, depended greatly on 
the stress. In the tests with the tin- 
cadmium alloys at room temperature it 
was not possible to obtain any further 
evidence on precipitation processes, so 
that the question is still open as to 
whether embrittlement at high tempera- 
tures is also due to other processes. 

Metallographic investigations, though 
carried out so far only on austenitic 
steels, have shown that notch embrittle- 
ment at high temperatures is due to the 
deep penetration of an intercrystalline 
crack, while in non-brittle steels cracks 
which had formed were later rounded out 
by the creep process. 

It is interesting in this connection to 
draw attention to tests on smooth bars 
carried out by Tapsell.* These were long- 

3H. J. Tapsell, “Behaviour of Metals at High Tem- 


ratures with Special Reference to Creep,” De Ingenieur 
o. 41, Materialenkennis. 
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time creep tests covering a wide tem- 
perature range on a molybdenum- 
vanadium steel with 0.14 per cent carbon, 
0.54 per cent molybdenum and 0.2 per 
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confirm the general conclusions set forth 
in this paper. 

Regarding Mr. Siegfried’s comment 
that his tests on tin-cadmium alloys did 
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cent vanadium. The accompanying Fig. 
12 shows the results of Tapsell’s investi- 
gations. 

Mr. D. P. Newman, M. H. Jones 
AND W. F. Brown, JR. (authors’ closure). 
—The authors wish to thank Mr. Sieg- 
fried for his interesting discussion and 
appreciate his comments that tests per- 
formed at the Sulzer Bros. laboratory 


Fic, 12 


1200 
roture, deg Fahr 


1300 


not yield evidences of precipitation phe- 
nomena, we feel that this material was 
not subject to the very large embrittle- 
ment often observed in the steels. How- 
ever, we do not disagree with Mr. Sieg- 
fried’s statement that creep embrittle- 
ment may involve other processes than 
precipitation. We simply wish to empha- 
size that the results observed strongly 
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indicate that a precipitation may con- 
tribute toward the embrittlement. 

The authors agree with Mr. Siegfried 
that a material with strong grains and 
relative weak grain boundaries will 
possess a tendency toward embrittlement 
in the creep test and to notch rupture 


sensitivity. This is essentially one of the 
postulates stated in the present paper. 

The results of Tapsell on a chromium- 
molybdenum-vanadium steel are quite 
interesting and show a time-temperature 
dependence for the elongation which is 
very similar to that shown by the authors 
for reduction of area values. 
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TIME-TEMPERATURE. STRESS RELATIONS FOR THE CORRELATION 
AND EXTRAPOLATION OF STRESS-RUPTURE DATA* 


By S. S. Manson! anp W. F. Brown, Jr.! 


The problem of correlating and extra- 
polating stress rupture data has recently 
received considerable attention. In gen- 
eral, there have been two approaches. 
The methods proposed are based either 
on certain known fundamental relations 
or the data are treated empirically. 

Machlin and Nowick (1)? derived a re- 
lationship among stress, temperature, 
and time-to-rupture based on the rate 
process theory. This simple explicit rela- 
tion among the three variables predicted 
linearity of stress versus log of rupture 
time at a constant temperature. Devia- 
tions from linearity were interpreted as 
indications of structural instabilities. Be- 
cause nearly all heat-resisting alloys ex- 
hibit precipitations or other forms of 
structural instability in their tempera- 
ture range of service, the Machlin and 
Nowick relation has received only lim- 
ited application. Servi and Grant, (2) 
have made an analysis of creep data on 
the alloy S-590 in which it is concluded 
that the rate process theory is not suit- 
able for the correlation of creep data 
when the range of creep rates is large. 

The method of Larson and Miller (3) 
is based on the assumed linearity of 
plots of log rupture time against recipro- 
cal of absolute temperature at a constant 
nominal stress, and the convergence of 
such lines to a point, —C, on the time 


* Presented at the ‘7 sixth Annual Meeting of the 
June 28-July 3, 195. 
Nat. Advisory Com. Eaansinn, Lewis Flight Pro- 
pulsion Laboratory, Cleveland, Ohio. 
2 The boldface numbers in parentheses wie to the list 
of selermens appended to this paper, see p. 711 


axis (that is, at infinite temperature). 
Thus at a constant nominal stress (T 
+ 460)(log ¢ + C) should be a constant, ; 
where: 


T = temperature in degrees Fahrenheit 
and 
¢ = rupture time in hours. 


Based on the examination of a large 
number of materials, they concluded that 
a suitable universal value of C is 20. Thus 
a plot (T + 460)(20. + log ¢) versus stress 
should give a single “master” curve, irre- 
spective of the individual values of stress, 
time, and temperature. Available data in 
the low- and medium-time range should 
then be usable for the prediction of the 
Jonger times. Manson and Haferd (4) have 
made a critical analysis of the Larson and 
Miller parameter and have indicated 
that considerable error may result when 
this parameter is used for extrapolation 
purposes. These errors arise because of 
deviations from linearity of plots of log 
t versus 1/(T + 460) as well as the lack of 
tendency for such plots to converge to a 
single point on the log ¢ axis. 

In the method of Hoff (5) account is 
taken of the continuous increase in stress 
on a specimen under constant load result- 
ing from changes in cross-sectional area 
accompanying creep. The hypothesis is 
that the change of curvature of a con- 
ventional creep curve from linear to con- 
cave upward is due to this increase in 
stress and that the rupture time can be 
approximated by computing the theo- 
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retical time at which the cross-sectional 
area approaches zero. The relation be- 
tween steady (minimum) creep rate and 
true stress must be known in order to 
make the computation. By neglecting 
transient creep and making use of the 
approximate linearity plots of stress 
versus steady creep rate on log-log co- 
ordinates, the predicted rupture times for 
an aluminum alloy were found to agree 
very well with the experimental rupture 
times. The practical utilization of the 
method does, however, depend on the 
availability of extensive creep tests, 
which generally are more difficult to 
perform than stress-rupture tests, and on 
the validity of the dimensional insta- 
bility criterion of rupture. Since in some 
cases rupture occurs with relatively little 
gross contraction in cross-sectional area 
and since at elevated temperatures inter- 
crystalline cracking may account for the 
initiation of third stage creep, it is ex- 
pected that the method may have limita- 
tions. 

Grant and Bucklin 6,7) have proposed 
an empirical method of extrapolating 
stress-rupture data which is based on an 
analysis of the data on a log-log plot of 
stress versus rupture time. These plots are 
assumed to consist of a series of straight 
lines. The discontinuities are then at- 
tributed to structural instabilities or 
changes in the mode of deformation or 
fracture. It is proposed that a linear 
relation exists between: (1) the log time 
at the instability points and the test 
temperature, and (2) the log of the slopes 
of the various straight line segments and 
the test temperature. If these relations 
are determined by short-time tests at 
high temperatures, then it is proposed 
that the isothermals at longer times and 
lower temperatures can be predicted by 
extrapolation of the above-mentioned 
plots. This method has required, in the 
case of the alloys reported, that data be 
obtained at extremely short rupture 
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times (0.001 to 0.01 hr) in order to obtain 
a sufficient number of discontinuities for 
the analysis. The special nature of the 
data required by this method renders 
checking difficult without suitably de- 
signed experiments on a large number of 
materials. 

In another empirical approach, Man- 
son and Haferd (4) have proposeda correla- 


a 
tion parameter in the form eg? — len 
where 7, and log /, are material con- 
stants. This parameter expresses the ob- 
served tendency of plots of log ¢ versus T 
at a constant nominal stress to be linear 
in the rupture time range above 30 hr, 
and for such lines representing different 
stress levels to converge to a single point 
[7., log 4]. Examination of published 
stress-rupture data for a large number of 
materials indicated this parameter would 
correlate data from 10 hr to as high as ex- 
perimentally determined (in some cases 
as high as 10,000 hr). The determination 
of the material constants 7, and log f. 
involved a certain amount of cross-plot- 
ting to obtain constant nominal stress 
curves, and it was recommended that the 
direct experimental determination of con- 
stant nominal stress data was to be 
desired for the determination of these 
constants. The number of data points 
required for this purpose was left to 
experimental investigation. 

Since the complicated mechanism of 
creep and stress rupture is not com- 
pletely understood, the viewpoint of the 
present report is that the data should be 
examined for experimentally consistent 
relations between the variables, which 
will achieve the practical objective of per- 
mitting the use of moderate-time data to 
predict the long-time data. To be useful, 
the relations must be sufficiently general 
so that establishment of their validity oa 
materials for which a large amount of 
data are available will permit their ap- 
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plication with confidence to materials of 
limited available data. 

In the present report experimentally 
determined curves of constant nominal 
stress are presented for five materials. 
The data are analyzed on the basis of the 
linear parameter, the Larson and Miller 
parameter with C = —20 and for opti- 
mized values of C, and on the basis of a 
more general method described in the 
report. Emphasis is placed on the con- 
formity of shape between the predicted 
and experimental curves in the experi- 


(8, 9). For this investigation, several 
different stress levels* were selected for 
each alloy covering the range of expected 
service application. At each of these 
stress levels, the temperature was varied 
to obtain points at various times to rup- 
ture. In general, it was attempted to 
establish carefully the behavior at a given 
constant nominal stress between times of 
0.1 and 1000 hr. The experimental results 
are shown in Fig. 1. To improve the 
clarity of comparison between the ex- 
perimental and analytical results no 


_ TABLE I—COMPOSITION, HEAT TREATMENT, AND HARDNESS OF ALLOYS TESTED. 


Composition, per cent 


| 
Alloy | Mo- 
Car- Chro-' Nic- lyb- | | 


bon mium kel de- ga- | con 
num nese 

3 
ers 0.12 | 1.27 0.52 | 0.44 | 0.75 
“47-22A"S...... | 0.30 | 1.25 | 0.25 | 0.52 | 0.63 |, 0.60 
16-25-6 M........| 0.07 |16.16 |15.60 6.10 | 7.10 | oe | 
16-13-3 ..........| 0.11 16.80 |11.66 | 2.18 | 1.59 | 0.70 


| | 
mental rupture time range as a guide to 
the suitability of , extrapolation. The 
feasibility of representing stress, tem- 
perature, and rupture time by an explicit 
formula is also investigated. 


MATERIAL AND PROCEDURE 


The materials investigated and their 
chemical composition, heat treatment, 
and hardness are shown in Table I. The 
alloys were supplied as 1-in. hot-rolled 
bar stock. All specimens blanks for a 
given alloy were from the same heat and 
were heat treated in one group. 

The specimen employed was identical 
to that used by Brown, Jones, and New- 
man (8) in the investigation of the smooth 
bar properties of various high-tempera- 
ture alloys. The testing technique has 
been — described elsewhere 


Heat Treatment 
Iron Others 
Balance | 1550F 1hr Furnace | Rp = 81 
Balance V—0.25 | 1725 F, Whr, Air Re = 33 
| 1200 F, 6 hr, Air 
Balance Water from 
2150 
Balance Water a: from | Rp = 80 
2000 
Balance | V—0.25 1900F, %hr, Oil Re = 33 
W-—0.84 1200 F, 2hr, Air 


average curves have been drawn to 
represent the experimental data. 


ANALYSIS 


The approach in interpreting the re- 
sults will be to compare the experi- 
mentally determined constant nominal 
stress curves to the corresponding curves 
calculated on the basis of several meth- 
ods. In each of the methods to be ex- 
amined it is inherent that the calculated 
curve coincide with the experimental 
curve for at least one point owing to the 
very nature of the construction of the 
“master” curve for the correlation. 
Hence, the placement of the calculated 
curve in the vicinity of the experimental 
points is not a significant indication of 

3 These tests have been referred to as constant nominal 


stress tests since the load is maintained constant to frac- 
ture. 


| 


in 
or 
he 
TS 
e- 
of 
n- 
a- 
la 
n- 
D- 
7 
r, 
it 
it 
d 
of 
ld 
x= 
2S 
n 
ta 
t- 
3S 
l- 
of 
l- 
e 
e 
it 
h 
l, 
il 
yf 


(9) WZZ-LT,, (9) IW (?) 
008! O09! OO! OOZ! OOO! 000! _006 oo¢! Oo}! 006. 
T 100 T 00 +1) — — T 100'0 
\ (4 607+ ~ 
\ 8=% 60) 
\ \ RK \ \ 
\ \ \ AN’ \ 
\ 3 \ \ \ 3 \ \ 
\ z a 
\o \ \ \ \ 
\ \ 2 
\ N \ \ 
Z +h 000! 001 
< \ \ \ 
S \ \ \ 
\ isd QOOOS 
(4607+02)(09% +1)—-— | 607+02)09%+1) isd 
0S + 18d 00008 4 isd COOS o | 
Ob ~ 1sd O00 Ob + | | 
isdOOO OF a isd OOO 02 a 000 
02 01 v 
Vv 
° 


696 
a 
= 
— 


On Stress-RupturE Data 


= 


ABQINAD (a) 
4yo4 Bap ‘aunyosadwa) 


oo¢! 


ool! 


\ ro 
\ } 
1sd000 0b v 3 
184000 ze | = 
wa AN 
(4607+0¢)(09% +1) —— | — 000! 
(4 +1) -—— ¥ 
€1=% 607 “400929 


0002 O08! 


"W9-SZ-9T (P) 
ayo4 Bap ‘aunjosadwa) 


OOv! 


002! 


ooo! O08 


sd000 09 


+ 


O00 0b o (4 609421 )(09b+1)—-— 
x (3 607+02)(09b+1) 
180000 O2 

o 6=% 607 
sd0008 —— 

\ 
N \ \ 
TY 


\ 


\ 


aon 
| 


100 


ol 


4y ‘awiy aanydny 


oo! 


ooo! 


00001 


*C-CT-oT (9) 


| | 
3 
| 


698 MANson AND BROWN 


the success of the parameter to correlate 
the data. The more important criterion 
is the degree of coincidence between the 
calculated and experimental results over 
the entire range of time, temperature, 
and stress examined, since deviations in 
the experimental range are, in general, 
exaggerated by extrapolation. A further 
criterion is the applicability of a given 
method to several materials. 


100000 
50000 
ewe 
3 
c20| \c=25 |\c=30 
10000 
2 \ 
scool 
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10005 


25 30 35 40 45 50 55 60 
(T+460)(C+Log t) 
Fic. 2.—Master Curves of DM Steel Using 


Parameter (J + 460) (C + log #) for Various 
Values of C. 


Examination of Parameter (T + 460) 
(20 + log 1): 


Figure 2 shows the master curve for 
DM steel to represent the type of difficul- 
ties sometimes encountered with this 
type of analysis. Considerable spread 
may exist among the points at each 
stress level, and some judgment must 
be exercised in fairing a mean master 
curve through the points. By favoring 
the points representing the longer rup- 
ture times, agreement can be achieved 
between calculated and experimental 


constant nominal stress curves in this 
time range at the expense of poor agree- 
ment in the lower rupture time range. 
Conversely, agreement in the lower time 
range can be achieved only at the ex- 
pense of poor correlation of the higher 
rupture times. In the present analysis 
all the data were used for establishment 
of the master curve for each material. 
From these master curves the calculated 
constant nominal stress curves were con- 
structed at each of the stress levels ex- 
perimentally investigated. The results 
are shown as the dotted lines in Fig. 1. 
For DM steel, Fig. 1 (a), agreement be- 
tween the experimental points and the 
calculated curve at a given constant nom- 
inal stress is satisfactory only in a very 
limited range of time and temperature, 
and deviations become very appreciable 
beyond this range. As an extreme exam- 
ple, at 900 F the master curve would 
yield a rupture time of 15 hr, whereas 
the experimental rupture time is 400 hr. 
At 40,000 psi and 960 F the calculated 
rupture time is 25 hr, while the experi- 
mental value is 930 hr. In most ranges 
the deviations are, of course, smaller; 
however, the lack of conformity of gen- 
eral shape between the calculated curves 
and experimental points would indicate 
the questionability of the use of this 
parameter for extrapolation beyond the 
experimental rupture time range. 

For “17-22A” steel, Fig. 1(6), the 
parameter (7 + 460)(20 + log #) corre- 
lates the data for 10,000 psi very well. 
Deviations and discrepancy in curve 
shape are evident as the stress is in- 
creased. The greatest discrepancies would 
be expected at 80,000 psi; unfortunately, 
however, the data at this stress level ex- 
hibit the greatest scatter encountered in 
the investigation and therefore may not 
be conclusive. 

For 16-13-3 steel, Fig. 1(c), only small 
deviations is seen to exist between the 
calculations based on the (JT + 460) 


(20 + log #) parameter and the 10,000, 
20,000, and 30,000-psi curves. The slight 
curvature of the calculated lines may in- 
dicate the computed life at times longer 
than investigated would be too high. At 
5000 psi the discrepancy in shape is de- 
tectable, but not large. At 40,000 psi un- 
usual changes in curvature were detected 
not correlatable by the (J + 460) (20 + 
log ¢) parameter (or, as will later be seen, 
by any of the parameters examined). The 
large number of points used to establish 
the curve at this stress level would seem 
to indicate that the curvature is real and 
not the result of experimental scatter. 
The cause of this curvature and the 
inconsistency of this curve with those at 
other stress levels is not known. It should 
be pointed out that the reason for the 
coincidence of the theoretical curve with 
the experimental data in the 1-hr rupture 
time range, despite the preponderance of 
experimental data at the higher rupture 
times, is the requirement imposed by the 
authors of maintaining a smooth master 
curve. 

For 16-25-6 M, Fig. 1(d), only two 
stress levels were investigated over a wide 
time range. At 40,000 psi the computed 
curve agrees very well up to 3000 hr, 
which was the highest time investigated 
for this stress level; but at 12,500 psi the 
calculated curve is somewhat too steep. 
The other stress levels were examined at 
two closely spaced temperatures, and it 
is therefore to be expected that near 
agreement between the computed curve 
and experimental points would exist. 

In general, rather poor agreement be- 
tween the curves calculated on the basis 
of (T + 460)(20 + log #) and the experi- 
mental points at four stress levels is 
seen for Crucible 422 steel in Fig. 1(e). 
While there is fairly good agreement at 
rupture times between 50 and 150 hr, 
considerable deviations are observed 
at higher and lower rupture times. 
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Within the experimental time range this 
discrepancy is a factor of 3 or more. Thus, 
it would be expected that extrapolation 
of the data by the use of this parameter 
would result in considerable error. 


Examination of Parameter (T + 460)(C 

+ log t): 

Attempts were made to find improved 
values of C for use in the parameter 
(T + 460)(C + log 2) as follows: Plots 

1 

T + 
constant nominal stress to ascertain 
whether a single point of convergence 
could be found on the log ¢ axis. Since 
convergence was never strictly charac- 
teristic, a number of values of C were 
selected to cover the range of extra- 
polated intercepts. Plots were then made 
of stress versus (T + 460)(C + log 2) 
and a mean master curve was con- 
structed for each of the several values of 
C. Based on the mean master curve, com- 
puted constant nominal stress curves 
were constructed and compared to the 
experimental points. The value of C that 
produced best average coincidence 
among all the stress levels was selected 
as the optimum value. 

The general effects of variation of C 
on the master curves is illustrated in Fig. 
2 by the example of DM steel. It is 
noted that the lowest value of C tends 
to minimize the spread of points at the 
lower stresses, while increasing the value 
of C tends to reduce the spread at the 
higher stress levels but at the expense of 
the correlation at lower stresses. This 
effect of C was noted to a greater or less 
extent depending on the alloy, and when 
it was large, as in the case of DM steel, 
the selection of an optimum value was 
difficult. 

The calculated constant nominal stress 
curves for the optimum values of C are 
shown by the dot-dash curves for each of 
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the five materials in Fig. 1. For DM steel, 
considerable discrepancy still exists be- 
tween the shapes of the computed curves 
and the experimental points, as shown 
in Fig. 1(a). The selection of higher 
values of C would cause all the dot-dash 
curves to become steeper, thereby im- 
proving the shape of the curves at the 
higher stress levels, but the discrepancies 
at the lower stress levels would be ag- 
gravated. On the other hand, selection of 
lower values of C would make all the 
curves less steep, thus improving the 
shape of the lower stress levels at the 
expense of fit of the higher stress levels. 
These trends reflect the spread of points 
on the master curves of Fig. 2. 

For “17-22A” S steel the value C = 20 
was found to be optimum. The value of 
C = 20 is likewise selected as the op- 
timum for 16-13-3 steel, Fig. 1(c), since 
as already discussed the value correlated 
the data quite well except at the stress 
of 40,000 psi. 

For 16-25-6 M steel (Fig. 1(d)) the 
value C = 17 improves the correlation 
at 12,500 psi with onlya slight penalty on 
the correlation at 40,000 psi; hence C 
= 17 is considered as the optimum value 
for this material. For Crucible 422 steel 
the value C = 30 shows very great im- 
provement over the correlation using 
C = 20, although at 10,000 psi the com- 
puted curve is too steep. 


Examination of the Parameter 


log t — log ty 


For correlation of the data on the basis 
of the linear parameter, the constant 
nominal stress curves are approximated 
by straight lines converging to a single 
point [7, , log és]. 

Manson and Haferd (4) recommended 
that the point of convergence be located 
by use of data in the 30 to 300 hr rupture 
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time range for two reasons. First, on the 
basis of analysis of the published iso- 
thermal data it appeared that curvature 
existed in the constant nominal stress 
curves for times less than 30 hr. Second, 
it was desired to make use of this parame- 
ter for extrapolation of data obtained in 
the range of moderate rupture times 
(that is, less than 300 hr). 

To obtain the values 7, and log (, 
each set of constant nominal stress data 
was first faired by a curve using all the 
available data below 300 hr. Tangets to 
these curves in the 30 to 300-hr time 
range that converged to a single point 
then established the point 7, , log 7, . 
For all the materials except Crucible 422 
the data below 30 hr were nearly coin- 
cident with the tangents in the 30 to 
300-hr time range. 

Construction of constant nominal 
stress curves on the basis of the linear 
parameter can be achieved either by 
passing straight lines through the estab- 
lished point (7, , log ¢,) and the mean of 
the data points in a selected rupture time 
range, or by constructing a master curve 

7-7, 
log t — log fy 
constructing the straight lines at each 
stress level. The two methods are es- 
sentially equivalent, since the fairing of 
the master curve establishes the best 


value of oS — for each stress 


of log o versus——— , and re- 


level. 

It will be seen from Fig. 1(a) to 1(d) 
that the calculated lines agree very well 
with the experimental data for DM, 
“17-22A” S, 16-13-3, and 16-25-6 M 
steels over a very wide range of time, 
temperature, and stress. In most cases 
the trend of the data can be approxi- 
mated by straight lines to rupture times 
of 0.1 hr and as high as was experiment- 
ally investigated (1000 to 3000 hr, de- 


q 


pending on the material). The only 
distinct anomaly is the 40,000-psi curve 
for 16-13-3 steel. For Crucible 422 the 
linear parameter characterizes the data 
well in the experimental time range above 
30 hr, but the trend of the short-time 
data indicates that the constant nom- 
inal stress lines possess curvature. Be- 
cause of this curvature and the recogni- 
tion of the fact that other alloys not yet 
investigated in this manner may also 
possess some arbitrary curvature, there 
appears to be a need for a correlation 
procedure capable of handling materials 
exhibiting such behavior. 


General Approach to the Correlation of 
Stress-Rupture Data: 


A more general approach to the prob- 
lem of the correlation of stress-rupture 
data will be presented by illustrating 
treatment of the Crucible 422 data. It 
will be recognized that this method will 
produce results identical with those ob- 
tained by the linear time-temperature 
parameter, if the constant nominal stress 
curves are linear. Therefore, the detailed 
analysis of the four remaining materials 
will not be presented. 

For the purposes of a general correla- 
tion of the data it will be assumed that 
a correlation of rupture time, tempera- 
ture, and stress can be achieved in the 
form of a product of functions of each of 
the variables. Thus the correlation will 
be in the form 


F(i)-G(T) = P(e)........... (1) 
where: 
= rupture time, 
T = temperature, deg Fahr, 


o stress, psi, and 

F, G, and P = functions to be deter- 
mined. 

This assumption is consistent with the 

Larson-Miller parameter in which F(é) 

= C + log t, G(T) = T + 460, and 
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P(c) is expressed graphically as the 
master curve. It is consistent with the 
linear parameter in which F(#) = (log 
t — log t,)1, G(T) = T — Ta, and 
P(c) is again expressed graphically as a 
master curve. It is not consistent with — 
the Machlin-Nowick rate process equa- 
tion in which a stress term appears as an 
addition to a temperature term, and it 
would not be consistent with the (T 
+ 460)(C + log ¢) parameter if C were 
a function of stress rather than being a 
material or universal constant. Thus it 


‘must be recognized that although Eq 1 


is quite general, there is a possibility — 

that it is not sufficiently general to per- _ : 
mit separation of the variables into — 
product terms. 


For the purpose of generalizing the 
results, it is convenient to introduce the 
concept of a corresponding-temperature 
plot. This plot was first used to ascertain 
the possibility of correlating stress-rup- 
ture data on the basis of the Larson and 
Miller parameter (JT + 460)(C + log #) 
where C is a constant other than 20. Let 
it be assumed, for example, that a suit- — 
able value of C can be found for perfect 7 ; 
correlation of the data for Crucible 422 _ ; 
steel. Then the equation of the 22,000 k 
psi constant stress line would be 


(T22,000 + 460)(C + log t2z,000) = Pe2,000.(2) 
and that for the 10,000 psi line would be - 
(T10,000 + 460)(C + log t10,000) = Pio,000.(3) 


Now select identical values of rupture | 

time on each of the two curves and 
divide Eq 2 by Eq 3. Since C is the same — 

in each equation and since log ¢ is the 

same by selection, the term (C + log /) 
cancels upon dividing and the relation 
obtained becomes 


Corresponding-Temperature Plot: 


T 20,00 + 460 P 22,000 


- = constant .. . (4) 
T 10.000 + 460 P 0.000 
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Thus a plot of 722,000 against Tyo ,000 at 
arbitrary selected identical values of rup- 
ture time should, by Eq 4, yield a straight 
line intersecting the 45-deg line at the 
point T 22,000 = T10,000 = —460. Simi- 
larly using the 22,000 psi as the base 
curve, plotting corresponding tempera- 
tures for identical rupture times for each 
of the other stress curves in Fig. 1(e) 
against the temperature on the 22,000 
psi curve should yield a series of straight 
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Fic. 3.—Corresponding-Temperature Plot Showing Convergence to 7, = 
460 F. 


of Assuming 7, = — 


lines all converging to the point —460 F 
on the 45-deg line. The corresponding- 
temperature plot for Crucible 422 steel 
is shown in Fig. 3(a). It is seen that the 
lines are quite straight, but their ap- 
parent point of convergence on the 
45-deg line is at 700 rather than at —460 
F. The compromise that must be made if 
the temperature term in the parameter is 
to be taken as (J + 460) is shown by the 
dotted lines which converge to the point 
—460 on the 45-deg line. Thus, on the 
basis of the corresponding-temperature 
plot, it can be concluded that, although 
a better value of C than 20 might be 
found for correlation purposes, some 
error must in any case be accepted be- 
cause of the use of absolute temperature 
as the multiplier for the (C + log 4) 
term. 
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Figure 3(6) shows the corresponding- 
temperature plot for DM steel on which 
more data were obtained than on Cru- 
cible 422 steel and for which the point of 
convergence is more distinctly defined as 
a value in the vicinity of 750 F rather 
than —460F. The corresponding-tem- 
perature plot thus serves the purpose of 
assisting in the identification of suitable 


forms for the temperature characteristic 
G(T). 
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The Temperature Characteristic: 


Consider two constant stress curves 
a, and oy. Then by Eq 1 the equations of 
these curves are 


F(h)-G(T)) = 


| 
v 
zx 


F (to) To) = P(a0) (6) 


Using the concept of the correspond- 
ing-temperature plot select identical rup- 
ture time values on each of the two 
curves and plot the corresponding tem- 
peratures 7; against 7) . The equation of 
the relation between 7, and T> is ob- 
tained by dividing Eq 5 by Eq 6, thereby 
cancelling the time function which is 
identical for all selected values: 


G(T;) 
G(T») 


P(@) 


= Q, , a constant... (7) 
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When such plots are made using the 
various stress curves in combinations, 
the corresponding temperatures lie on 
very nearly straight lines which converge 
to a point 7, on the 45-deg line. This 
representation should obviously yield the 
same value for 7, as obtained using the 
linear time-temperature parameter pro- 
vided the constant nominal stress curves 
are linear and converge to the point 


— T,)*. For this form, Eq 7 becomes 


 (n-T\ 
= constant ..... (7a) 
which establishes the necessary linear 
convergent relation when the zth root is 
taken of both sides of the equation. At 
this point of the analysis, z is completely 
arbitrary, since substitution for G in Eq 
1 can be followed by taking zth roots of 
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Fic. 4.—Relation Between Q and Nominal Stress for Crucible 422 Determined from Corresponding- 
Temperature Plots and the Results Calculated from an Equation Derived to Fit This Relation. 


T, , log t, . However, the property of lin- 
earity and convergence of the correspon- 
ding temperature plots was found to be 
characteristic for Crucible 422 where 
curvature exists in the constant stress 
curves. 

It can be seen either by inspection or 
by setting up a suitable differential equa- 
tion expressing the fact that Eq 7 must 
define a straight-line relation between 7; 
and JT» which is satisfied at a common 
point on the 45-deg line for all assigned 
constant values of Q, that a general form 
for the function G is found to be (T 


both sides of this equation without de- 
stroying the generality of F and P which 
have not as yet been established. The 
simplest temperature characteristics re- 
sult when z is taken as unity. Hence, 
without destroying the generality of the 
analysis 


where 7, is the apparent point of con- | 


vergence on the 45-deg lines of the cor- 
responding-temperature plots. In some 
cases, particularly if there is scatter in 
the basic data, the convergence of cor- 
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responding-temperature plots to a point 
T, may not be as distinct as in the case 
of Fig. 3. However, the arbitrary selec- 
tion of an approximate point that best 
satisfies the linearity and convergence 
property is usually found to give good 
results if consistency is maintained in the 
subsequent analysis. The value of 7, is 
not critical, and good correlation can be 
obtained for a fairly wide range of se- 
lected values for a given material. 

A point of practical significance in the 
construction of the corresponding-tem- 
perature plot is the proper selection of the 
constant nominal stress curve used as a 
base. It will be recognized that an experi- 
mental scatter in the base curve will be 
reflected in each of the corresponding- 
temperature lines. Since it may in cer- 
tain cases be difficult to ascertain which 
one of the constant stress curves is most 
suitable as a base, it would be desirable 
to establish a reference curve on the 
basis of all the available data. This can 
be done as follows. The numerical aver- 
age of the temperatures on each of the 
available constant stress curves is found 
for an arbitrary time level. The tempera- 
ture so obtained can be shown to cor- 
respond to that onsome constant nominal 
stress curve. This curve may then be de- 
fined as completely as desired by selecting 
another arbitrary time level, again aver- 
aging the temperatures. The average 
curve so obtained should then be the 
most suitable base for fairing the data. 

It should also be pointed out that al- 
though from the standpoint of correla- 
tion of stress-rupture data the selection 
of G(t) as (T — T,) is adequate, there 
may be other forms of G(T) which char- 
acterize linearity and convergence of 
corresponding-temperature plots as an 
approximate property. Such forms would 
not be derivable from the differential 
equation which expresses this as an exact 
property. For example, the form G(T) 
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1 1 
+ 460 460° which might 
be obtained from the rate process equa- 


tion if plots of log ¢ versus were 


T + 460 
linear but converged to a point at abso- 
lute temperature T, + 460, would show 
some tendency to produce approximately 
linear and convergent corresponding- 
temperature plots in a limited tempera- 
ture range. This function is usually 
inferior for representing the experimental 
data; however, it is conceivable that 
there may be forms of functions derivable 
from physical theory and consistent with 
the observed properties of corresponding- 
temperature plots. If the correlation 
method is to provide insight into the 
fundamental mechanism of the stress- 
rupture process, the temperature char- 
acteristic may have to be re-examined. 


Stress Characteristic: 


The corresponding-temperature plot 
also provides considerable information 
about the stress characteristic. Substi- 
tuting Eq 8 into Eq 7 gives 


To — Ta P (a) 


Since ———— is the slope of line associ- 
— T, 


ated with 7, on the corresponding-tem- 
perature plot, the value of Q, may be 
determined. Similarly the values of Qe 


_ _ (Ps) 
= = (Fe) , etc., for each 


of the experimentally available constant 
stress curves can be determined. The Q 
function can thus be plotted against 
stress. Figure 4 shows the values for 
Crucible 422 steel based on the cor- 
responding-temperature plot of Fig. 3(a) 
in which the 22,000-psi constant nominal 
stress curve was used as the baseline. 


= 
= 
i. 


The Time Characteristic: 

Once G(T) and Q have been deter- 
mined as described above, the time char- 
acteristic can be obtained from Eq 1. 
Because experience has indicated that 

. 

—_—————— is suitable in most cases for 
log log ty 

correlation and since G(T) has already 
been determined as T — 7, it will be 


1 
convenient to solve Eq 1 for FO rather 
than F(t). Thus, 


= G(T) : = Ts 
F(t) Pleo) Pte) 


i T-f, 


P(o) 
Hence a plot of T versus al should 


yield a single curve for all the data which 
will define F(Z). 

For Crucible 422 a plot of the time 
characteristic is shown in Fig. 5 where 
using the values of Q plotted in Fig. 4. 
It is evident that the data correlate very 
well. The change in curvature in the time 
range below one hour is not well estab- 
lished by the few available data points. 
The curve has, however, arbitrarily been 
drawn to pass through as many of the 
data points as possible, necessitating the 
introduction of a change of curvature. 
It is evident that the time characteristic 
obtained in this manner, can be made to 
conform as closely as possible to the orig- 
inal data points and does not necessitate 
that the characteristic have any pre-es- 
tablished shape, such as straight lines 
in cases where the linear parameter is 
valid and hyperbolas where the (T + 
460)(C + log ¢) parameter is valid. 

The individual constant nominal 
stress curves can be reconstructed from 


log ¢ has been plotted versus 
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the time characteristic in Fig. 5 and the : 


Q value for each stress level as shown in 
Fig. 4. The short-dashed curves in Fig. 
1(e) were constructed in this manner for 
each of the experimentally investigated 
stress levels for Crucible 422. It will be 
seen that the curves so obtained agree 


very well with the data over the entire 7 


experimental range. 


Since the time characteristic can be ex- 7 


tended up to the longest rupture time ex- 
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Fic. 5.—Experimentally Determined Time 
Characteristic for Crucible 422. 


particular stress level at which the data 
point was obtained, the curve essentially 
serves the purpose of permitting extra- 


Chorocteristic T 
For Use in Fitting | .* 
Analytical Expression 


perimentally available, regardless of _ 


polation for those stress levels where only 
lower rupture times are experimentally 
available. In addition, a certain amount 
of extrapolation of the time characteristic 
curve should be possible, thereby extend- 
ing the experimental time range with a 
degree of confidence. Thus, in Fig. 5, in 


the absence of more suitable methods of 


extrapolation, the last portion of the 
time characteristic could probably be ex- 
tended linearly up to about 10,000 hr. 
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The results would, of course, be slightly 
different from those obtained on the basis 
of the linear time-temperature parameter 
when only the 30 to 300 hr data are used 
for the determination of 7, and log /, . 
The latter case corresponds to the linear 
extension of the tangent to the time 
characteristic curve in the 30 to 300 hr 
range. 

When the individual constant nominal 
stress curves are linear, the time charac- 
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Fic. 6.—Method for Determination of the 
Constants M and A’ in the Equation for the 
Stress Characteristic of Crucible 422. 


teristic will also be linear, intersecting 
the vertical axes at a time corresponding 
to log fa. 


Derivation of a Single Relation for Time, 

Temperature, and Stress: 

It has been shown in Figs. 4 and 5 that 
the characteristics of stress and time can 
be defined graphically. It is possible to 
fit an analytical expression to each of the 
curves and by combining these with the 
temperature function already deter- 
mined, to write an explicit analytical ex- 
pression in terms of time, temperature, 
and stress. 
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If Crucible 422 is taken as an example 
the stress function in Fig. 4 can be taken 
analogous to the temperature character- 
istic: 

Q = A(log oa — loga)™...... (11) 
or 
log = logo, — A’Q™....... (12) 


The curve in Fig. 4 may be fitted to this 
equation by a method outlined by Run- 
ning (10). The point p is selected on the 
curve with an abscissa value equal to the 
mean proportional between the abscissa 
values of the end points » and g. The 
point r is selected to have the same ab- 
scissa as p and the same ordinate as 2, 
while the point s is selected to have the 
same abscissa as g and the sam : ordinate 
as p. The intersection of the '! nes drawn 
through r and s, p and g giv- a value for 
the first approximation to aa , in this case 
equal to 84,000 psi. Since Eq 12 can be 
rewritten in the following form: 


log (log ¢, — log) = (log A’ + M log Q). (13) 


a plot of log (log ¢, — log a) versus log Q 
should be linear with a slope equal to M 
and an intercept at log Q = 1 of log A’. 
The linearity of this plot is a test for the 
suitability of the selected value of o, by 
the method outlined above. Such a plot 
is shown in Fig. 6. The results for o, 
= 84,000 (log o. = 4.925) exhibit some 
deviation from linearity. The arbitrary 
selection of log ¢, = 4.900 improved the 
linearity and this value was therefore 
chosen. The values of M and A’ are 
shown in Fig. 6, and these values can 
now be substituted in Eq 13 to yield the 


following expression: 
log = 4.900 — 0.566 (14) 


or 
Q = 1.186 (4.900 — log o)®3.... .(15) 


The results calculated from the expres- 
sion agree well with the curve as shown 
in Fig. 4. 


(First Approx) 

* For Log *4.900 
(Final Approx) 
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For the time characteristic represented 
in Fig. 5, the form by analogy-with the 
rompentune and stress characteristic and 
for consistency with the linear parameter 
may be taken as 


= B(logt — logh)"....... (16) 
or 


= logit) + B’RN........ (17) 


The expression in Eq 17 will not fit the 
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Fic. 7.—Method for Determination of the 


Constants N and B’ in the Equation for the Time 
Characteristic for Crucible 422. 


curve drawn through the experimental 
points in Fig. 5 because of the previously 
discussed slight change in curvature at 
times around 1 hr. To provide a smooth 
curve for the purpose of fitting, the 
dotted line has been taken to represent 
all the data. This curve may now be 
fitted by the same procedure as outlined 
for the stress characteristic. The value of 
log t» = —20 is large and not too critical. 
The values of B’ and N’ were deter- 
mined from the plot in Fig. 7. The equa- 
tion so obtained for the time characteris- 
tic becomes: 


= 331 — 20... (18) 


707 


or 


6.20- 105 
Q + log 
By combining Eq 15 with Eq 19 the 
following explicit expression is obtained 
in terms of time, temperature, and stress: 


.(19) 


(T — 700)(20 + log #)?-% 


.. (20) 
= 7.4-105(4.900 — log a)°-# 
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Fic. 8.—Comparison Between Experimental 

Data for Crucible 422 and the Curves Obtained 
from the Explicit Formula Relating Time, Tem- | 
perature, and Stress 


or 


(4.900 — log a)®-1% 
— 20. .(2 
(T — 700)9-435 20. .(21) 
Using this expression, the constant | 
nominal stress curves at each of the four 


log ¢ = 356 


experimentally investigated stress levels 
were calculated and are shown in Fig. 8. 
It is evident that these curves represent 
the data very well and therefore demon- 
strate the suitability of the form of Eq 20. 

Single equations relating stress, tem- 
perature, and time to rupture have also 
been obtained for the other four materials 
investigated. In these cases, where the 
linear parameter 
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T-T, 
log ¢ — log 4, 
was suitable for characterizing the data 
in the entire experimental range, it was 
necessary merely to fit an equation of 
form (11) to the master curve, where Q 
in this case is replaced by the linear 
parameter. No difficulty was encountered 
in this process except for DM steel in 
which the master curve showed a reversal 
of curvature at stresses below 10,000 psi 
(similar to the reversals in the master 
curves shown by Manson and Haferd (4), 
especially for Inconel X). For DM, there- 
fore, the curve was fitted only for stresses 
above 10,000 psi, and it was expected 
that poor agreement between the formula 
and the experimental data would occur 
at 5000 psi. The equations deduced for 
each of the four materials are as follows: 


) 
log t — 9 

= —111.3(5.060 — log 
T — 00 

log ¢ — 9.5 

= —81.8(5.131 — log «)~°-3 


16-25-6M: 


*17-22 A” S: 


.(22) 


= —106.8(5.114 — log a)~°-427 
T — 750 
log t — 8 


= —77.25(4.786 — log o)~ 0-398 | 


DM: 


‘Figure 9(a to d) shows the comparison 
between the experimental data and the 
computed results based on Eq 22. In gen- 
eral, the agreement is seen to be very 
good except for the 5000 psi curve for 
DM steel, the reason for which was previ- 
ously described. Thus it can be seen that 
over a fairly wide range of time, tem- 
perature, and stress, the variables can be 
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related by an explicit expression in the 
form 


(T — T,)(log t — log t,)* = A(log a, — log o)® 


where in most cases a = —1. 


CONCLUDING REMARKS 


Based on experimental determination 
of constant nominal stress curves on five 
materials and on the basis of attempts to 
correlate the results according to several 
different proposed methods, the following 
comments appear justified: 

1. The use of the parameter (JT + 
460)(20 + log 4) for correlation of data 
and for prediction of long rupture times 
from tests in the short- and medium-rup- 
ture time range may result in appreciable 
errors. The use of the parameter (J + 
460)(C + log ?) considerably improves 
the correlation in some cases. The data 
for DM steel, however, could not be 
correlated by this parameter for any sin- 
gle value of C. It is also difficult to ascer- 
tain the improved value of C unless a 
large amount of experimental data are 
available, in which case the data may be 
sufficient for analysis by the linear pa- 
rameter method or by the more general 
method described in this paper. 

2. Very good correlation was obtained 
on the basis of the linear time-tempera- 
ture parameter. The more _ general 
method described in this report is com- 
pletely equivalent to the method based 
on the linear parameter in such cases and 
in such regions where the log ¢ versus T 
curves at constant nominal stress are 
linear. The need for the method arises in 
cases where curvature is observed in the 
plots at constant nominal stress. In these 
cases the regions with curvature can be 
used to assist in the determination of 7, 
and the stress characteristic, whereas in 
the linear parameter method no use can 
be made of these regions. 

3. Linearity of plots of log ¢ verus T 
persisted in rupture time regions in which 
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conventional isothermal plots show con- 
siderable curvature and where they 
would normally be characterized by 
“breaks” if plotted on log-log paper. 
Thus the presence of such “breaks” do 
not appear to be a deterrent in the 
feasibility of extrapolation from short 
and medium rupture time data. The 
limitations of the method have not, how- 
ever, been fully established. It is, for 
example, desirable to investigate why 
some isolated constant nominal stress 
curves, such as 40,000 psi for 16-13-3 steel 
show unusual curvature in the time range 
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when other constant stress curves are 
very nearly linear. 

4, Representation of stress, tempera- 
ture, and rupture time by an explicit 
expression in the form (JT — T,)(log 
t — log t,)* = A(loga — log a,)*, where 
in most cases 2 = —1 appears to give 
very good correlation except in some 
cases at very low stress levels. Such a re- 
lation may be quite useful when it is 
necessary to express one of the variables 
explicitly in terms of the others, or when 
it is necessary to perform the correlation 
from unsystematic data. 
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Mr. J. D. MaRBLE.'—We in the Gen- 
eral Electric Co. have, of course, made 
considerable use of the Larson-Miller 
time-temperature parameter for stress- 
rupture data since its development two 
years ago and are, therefore, very pleased 
to see interest in such parameters ex- 
pressed in the study made by the authors. 
They should be highly commended be- 
cause the study is quite a good one and 
quite a complete one. 

There are, however, a few points which 
should perhaps be brought out in com- 
paring the NACA linear time-tempera- 
ture parameter to the Larson-Miller 
time-temperature parameter. We do not 
hesitate to agree that application of the 
NACA parameter resulted in a much 
better correlation of the data than did the 
Larson-Miller parameter for those alloys 
studied in the paper. Perhaps the NACA 
parameter will prove significantly better 
for all alloys, in which case the simplicity 
advantage of the Larson-Miller parame- 
ter will no longer be so important. How- 
ever, we feel this simplicity advantage 
should be clearly understood. Perhaps 
the most important point to us at this 
time is the usage of equipment. To use 
the NACA parameter efficiently, only 
small increments of temperature between 
tests at the same stress are possible in 
order to keep the times to failure in the 
30 to 300-hr range suggested by Manson 


1 Metallurgical Engineer, Evendale Plant Labora- 
tory, Aircraft Gas Turbine Division, General Electric 
Co., Cincinnati, Ohio. 


and Haferd in NACA TN 2890.2 There- 
fore, maintaining many furnaces at dif- 
ferent temperatures or changing tem- 
perature several times on a few furnaces 
can be very time consuming. This may 
not be quite as great a hardship for 
those laboratories with only single-sta- 
tion creep-rupture units, but most of the 
General Electric laboratories have mul- 
tiple-station units for rupture evaluation 
work on which changes in temperature 
are tedious if proper temperature distri- 
bution is maintained. The Larson-Miller 
parameter is more attractive because 100 
to 150 F intervals are all that are re- 
quired. Another point of importance is 
the number of test points required to de- 
termine a curve for the material. Since 
the constant for the Larson-Miller 
parameter may be chosen to the nearest 
five units (that is, 15, 20, 25, 30) from 
experience with similar materials before 
the tests are made, only the stresses de- 
sired or times and temperatures desired 
need be covered during the testing. For 
example, perhaps only four specimens 
could be used to compare a development 
alloy with a commercial one over the ex- 
pected service temperature and stress 
range or to compare a new heat of a 
particular material to those preceding. 
For the same test series, probably at 
least ten specimens would be required 
for the NACA parameter method since 
some would be required to establish the 


2S. S. Manson and A. M. Haferd, “A Linear Time- 
Temperature Relation for Extrapolation of Creep and 
Stress-Rupture Data,” NACA TN 2890, NACA, Wash- 
ington, D. C., March, 1953. 
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constants unless these could be assumed 
for this method in the same manner that 
they are for the Larson-Miller method. 
However, even so, more than one point 
at two or more stress levels would be re- 
quired to check the constants. A third 
point of importance is the simplicity of 
application. With the Larson-Miller 
parameter, anyone can plot the data and 
produce the same curve as the test lab- 
oratory. However, with the NACA 
parameter the constants are determined 
by the plotter and are subject to wide 
variation because of the large amount of 
extrapolation required. Also, the con- 
stants may vary for different heats of 
the same material. For example, the 
authors tested two heats of DM steel and 
in TN 2890 reported the constants as 
T, = 100 F and log /, = 22 for one heat 
and in the present paper reported the 
constants as 7, = 750 F and log ¢; = 
for the other heat. It would be difficult 
to compare these two heats on the same 
plot using the NACA parameter method. 
Variation in materials makes unneces- 
sary the accuracy possible by the use of 
the NACA parameter method, except in 
a few important cases. Continuing the 
comparison of the two heats of DM steel 
reported by the authors, we find that no 
correlation method could have been used 
to predict the behavior of one heat from 
tests on the other because of the wide 
difference in properties. Yet this is one 
of the most common uses of rupture test- 
ing—that of predicting the behavior of 
subsequent heats of similar material 
from tests on one heat. Therefore, in such 
cases either an expected scatter band 
around the curve must be assumed or 
must be obtained from tests on numer- 
ous heats. A simple, common basis for 
comparing on the same plot several heats 
of the same material is required and 
seems to be offered by the Larson-Miller 
parameter. For the same type of predict- 
ing, it is sometimes necessary to know 
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the rupture behavior of the material at 
temperatures or stresses intermediate 
between those tested but with only fair 
accuracy. The Larson-Miller parameter 
seems adequate here in nearly all cases, 
but the NACA parameter offers greater 
accuracy and probably should be used in 
cases where great accuracy seems neces- 
sary. But when tests are being made on 
a particular heat to determine the be- 
havior of parts made from that particular 
heat, especially predicted long-time be- 
havior such as in steam turbine materials, 
great accuracy of interpolation and ex- 
trapolation of data are required and the 
NACA parameter seems to supply this. 
We would recommend its use at least in 
these instances and possibly in many 
others when means of using it easily and 
with good repeatability have been de- 
veloped. Here is a phase which we feel 
should be given some attention by the 
authors and others applying this method, 
this phase being that of easier application 
of the method. Things which should be 
done are making checks on predicting the 
constants for materials from similar 
previous materials, checks on the effect 
of errors in the determination of the con- 
stants, development and distribution of 
nomographs for easy determination of 
the parameter values from test results, 
and development of means of comparing 
at least ‘similar materials on the same 
plot. These may all be simple, but their 
completion will greatly enhance the 
benefit to industry from this new param- 
eter. Very few people are willing to accept 
a new method immediately, especially if 


at first glance it appears more complex 


than their present one. 

We would recommend that all those 
interested in the authors’ present paper 
also read the earlier treatise on this sub- 
ject, NACA TN 28902 


Mr. James Miter: (by letter).—The 


authors’ commendable analysis gives new 
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support to the idea that a parameter of 
time and temperature can be used to 
great advantage in the correlation and 
extrapolation of rupture data. The linear 
temperature parameter, which they indi- 
cate as having somewhat greater accu- 
racy than the parameter T(C + log 2), 
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accompanying Fig. 10 has been prepared 
showing the 1000-hr rupture strength of 
the alloys studied in this paper plotted 
against temperature. The solid lines 
represent the actual 1000-hr strength 
obtained from the authors’ long time 
data, while the dotted lines have been 
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Fic. 10.—1000-hr Rupture Strength versus Temperature for Alloys Tested. Comparison of 
Curves Obtained from Long Time Data and Curves Predicted by T (C + log #). 


requires, however, sufficient data for the 
evaluation of two material constants. 
The parameter T(C + log /), where T 
is the absolute temperature and / the 
rupture time in hours, is based on the 
rate process theory and is relatively 
simple since the value of C is for practical 
purposes equal to 20 for the vast majority 
of alloys, from aluminum base to iron, 
nickel, and cobalt base. The outstanding 
exception is the 12 per cent chromium- 
iron base alloys where C = 25 to 30. 
In defense of this latter parameter, the 


calculated using only the 100-hr strength 
and the parameter T(C + log #). 

This was done in the following manner. 
Master curves were constructed by plot- 
ting the 100-hr strength against 7(C 
+ log ¢) where C = 20 for all the alloys 
except the 12 per cent Cr alloy 422 for 
which previous data had shown C = 30. 
From the master curves the 1000-hr 
strengths were then read off at the ap- 
propriate values of the parameter. It is 
observed that the 1000-hr strength has 
thus been predicted for several tempera- 
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tures with an accuracy about equivalent 
to experimental error from only a few 
100-hr points. To obtain this data in the 
conventional manner would require sev- 
eral tests at each of several temperatures 
extending out to at least a few hundred 
hours. 

While the authors’ linear temperature 
parameter does a good job of correlating 
the data over the range of time available, 
it is based on the assumption that the 
constant stress lines converge to a single 
time at some low temperature usually 
in the vicinity of 700 F. This is contrary 
to experience since at low temperatures a 
slight change in stress causes a very large 
change in rupture time. The parameter 
T(C + log #) on the other hand is based 
on relations which have considerable 
basis in theory, so that in making extra- 
polations out to very long times where 
no data is available, such as 10 or 20 yr, 
one might have greater confidence in 
using this parameter. 

It should be emphasized, however, that 
any method of obtaining long-time data 
from short time tests is an extrapolation 
and in consequence will be more accurate 
the longer the actual testing times are. 
Wide use has been made of the parameter 
T(C + log 2) in various General Electric 
laboratories and elsewhere, and it has 
proven a valuable aid in obtaining the 
most information from available test 
data. 

Messrs. S. S.. MANSON AND W. F. 
Brown, Jr. (authors’ closure).—The 
authors wish to thank both Mr. Marble 
and Mr. Miller for their interesting dis- 
cussion of the problem and for pointing 
out certain applications in which the 
authors’ parameters appear to be particu- 
larly suitable. 

The exact definition of this problem 
seems to be our major point of disagree- 
ment. Mr. Marble has suggested that 
certain features in the application of a 
parameter or in the testing equipment 
contribute toward its suitability. We 


feel, however, that there is only one 
logical absolute standard for judgment, 
namely, does the parameter correlate — 
the available data for a given alloy within | 
the range of scatter as determined by 
careful tests. We believe that the linear 
parameter most nearly satisfies this re-_ 
quirement. 

Mr. Marble’s first point is that certain 
creep equipment does not readily permit 
the direct determination of constant 
nominal stress curves. It should be 
pointed out that the major reason for 
determining these curves was to obtain 
a direct check on the assumptions in- — 
volved in the formulation of the various | 
time-temperature parameters. However, 
once confidence has been obtained in a 
given parameter these curves and their 
associated constants may be obtained 
indirectly from the conventional iso- 
thermal plots. Thus, a number of iso- 
thermal curves could be established, say 
between 30 and 300 hr, and a cross plot 
made of stress versus temperature with © 
time as parameter. From this representa- 
tion the constant nominal stress curves 
may be plotted. This is essentially the 
procedure used by Manson and Hafred 
in their analysis of the literature data. 

Mr. Marble’s second point is that 
fewer tests are required to establish a_ 
master curve based on the Larson and 
Miller parameter. This is true, but we 
wish to emphasize that a corresponding ~ 
sacrifice in accuracy must be accepted. — 
We feel that in most cases the sacrifice 
in accuracy is not justified by the few 
tests which are saved. In addition, no- 
conclusive evidence has been presented 
which would serve as a guide in selecting - 
the proper value of C in the parameter — 
T(C + log 2). In fact, it appears that as_ 
additional data are gathered on a wide 
variety of materials the number of 
values which C may assume increases _ 
steadily. If C must be determined di- 
rectly, then the savings in tests required 


is greatly reduced. 
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Mr. Marble’s third point is that the 
master curve based on the linear param- 
eter is subject to variation if plotted by 
different individuals because of the ex- 
trapolation required in obtaining the two 
material constants. This is true; however, 
it should not be implied that this vari- 
ation will appreciably affect the accuracy 
of correlation. The individual values of 
the material constants are not critical 
provided they occur in the right combina- 
tion. This correct combination can 
readily be obtained by extrapolation of 
the lines of constant nominal stress. The 
selection of a point of intersection has 
not been found to be critical or to require 
great experience. Furthermore we should 
like to point out that the comparison 
between two heats (or between two ma- 
terials) can easily be made using the 
linear parameter even though the master 
curves are different. Thus, it is only 
necessary to make the comparison on 
the basis of the conventional isothermal 
curves as developed from the master 
curves. 

As is indicated by Mr. Marble, in most 
cases there is a variation in stress rupture 
properties from heat to heat. This is 
recognized by the authors but not as a 
reason for using a less accurate param- 
_ eter. The variation from heat to heat 
varies with the alloy, some being much 
more uniform than others. If a variation 
or scatter band is to be accurately de- 
termined then we must use an accurate 
measuring device. The problem is a 
statistical one and requires a relatively 
large number of carefully conducted tests 
and an accurate parameter in order to 
reduce to a minimum all variations ex- 
cept those introduced by the primary 
variables of alloy melting and fabrication 
practice. 

Mr. Miller has indicated that the 
parameter T(C + log #) has considerable 
basis in theory, being related to the rate 
process equation. While we do not deny 
that the parameter is in some way related 
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to rate theory, the derivation given by 
Larson and Miller (1) seems to be quite 
arbitrary. Referring to the derivation as 
presented by Larson and Miller, the rate 
equation is stated as incomes 


r = Ag 


where r is a rate. The statement is then 
made that the time to rupture depends 
upon the summation of the creep rates 
to rupture and therefore the above 
equation can be rewritten in terms of 
rupture time, /, as follows 


First, it is not clear to us how the rupture 
time can be taken as a summation of 
creep rates nor is it clear how the rate 
process theory can be applied in any 
form without stating specifically a pro- 
cess for which a rate can be directly 
written. 

Mr. Miller’s statement that the value 
of C in the parameter 7(C + log /) can 
in all cases be taken as 20 with the excep- 
tion of the 12 per cent chromium base 
alloys is apparently in disagreement with 
facts presented in the authors’ paper and 
in the paper published previously by 
Manson and Hafred. The authors’ would 
like to call attention to the data for DM 
steel shown in their Fig. 1. It is evident 
that taking C-20 yields very poor correla- 
tion and for this low-alloy steel even the 
optimum value of C did not yield satis- 
factory results. Furthermore, Mr. Mar- 
ble implied in his discussion that the 
value of C may vary from 15 to 30 de- 
pending on the material. 

Referring to Mr. Miller’s representa- 
tion showing the dependence of the 
1000-hr rupture strength on temperature 
it should be pointed out that this type of 
analysis represents the performance of 
the parameter under only one rather 
restricted set of conditions. Thus, a pre- 
diction of 1000-hr data from 100-hr 
results could probably be obtained satis- 
factorily by extrapolation of the iso- 
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thermal curves on a conventional log 
log plot. A satisfactory parameter should 
permit extrapolation over a much wider 
range of the experimental variables. In 


predictions are made on the basis of a 
master curve constructed for the 10-hr 
rupture strength. In the accompanying 
Fig. 11 the calculated 1000-hr rupture 
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Fic. 11.—Experimentally Determined 1000-hr Rupture Strength Compared with Results Pre- 
dicted from 10-hr Data Using the T (20 + log #) Parameter. 


order to test the parameter 7(C + log #) 
under what we feel to be conditions more 
indicative of its suitability, we have used 
it to predict the 1000-hr data for DM 
steel from the 10-hr data. For this pur- 
pose C was taken as recommended by 
Mr. Miller to be equal to 20, and the 


strength is compared with the experi- 
mentally established curve. Errors in — 
stress now amount to as much as 25 per 
cent depending on the temperature. In 
order to determine the corresponding 
errors in time, we have used the 10 hr 
rupture strength master curve based on > 


| 


718 


. T(20 + log 4) to calculate lines of 


constant nominal stress for the DM steel 
data shown in the authors’ Fig. 1. Added 


to this representation (Fig. 12) are the 
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The calculated curves generally show 
good agreement with the experimental 
data only at the lower stresses. At the 
higher stresses the agreement is poor. 
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. 12.—Constant Nominal Stress Curves for DM Steel Predicted on the Basis of the T 


(20. ‘log ?) Parameter. 


results based on the 100 hr rupture 
strength master curve (that used by Mr. 
Miller). The calculated curves must 
necessarily agree with the experimental 
data in the region of 10 and 100 hr since 
the master curves were drawn specifically 
to fit these data. 


In this region the curves calculated from 
the 10-hr data agree best with the experi- 
mental points at short times while those 
calculated from the 100-hr data agree 
best with the experimental points at long 
times. This type of behavior might be 
expected from an examination of the 
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master curve for C = 20 presented in 
the authors’ Fig. 6. It will be noted that 
the points are grouped closely at the low 
stresses indicating the parameter 7(20 
+ log #) is correlating best in this region. 
At the high stresses, considerable spread 
exists and the points show a systematic 
deviation from the average curve. At 
these stresses the parameter 7(20 + log 
t) cannot be used for accurate extrapola- 
tion over any appreciable time range. 
Mr. Miller further states that the 
linear parameter is based on the assump- 
tion that the lines of constant nominal 
stress converge at some low temperature. 
We should like to refer to the analysis 
made in the authors’ present paper which 
points out that the constant nominal 
stress data are faired by the best curve 
possible and that the tangents to these 
curves in the 30 to 300-hr range are used 
to establish the parameter constants. 
The authors do not claim that the con- 
stant nominal stress data are linear to 
times in the vicinity of log é,, this 
usually being a number greater than 8 
(100,000,000 hr or approximately 11,000 
years) but rather that is the practical 
time range the curves may be replaced 
by their tangents to a sufficient degree of 


accuracy. The authors have also pre- 
sented a more general parameter which 
is able to take into account curvature of 
the constant nominal stress lines. How- 
ever, it should be emphasized that for 
the materials examined thus far when 
curvature does occur it appears to be 
most pronounced at the extremely low 
times. 

The authors wish to emphasize that 
they feel none of the parameters so far 
presented including their own can truly 7 
represent the basic behavior of a compli- — 
cated alloy (such as a low-alloy steel) 
over extremely wide ranges of both time | 
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and temperature. It must be realized 
that the conception of a correlating 
parameter in the relatively simple forms 
thus far proposed is at best a tool which 
can permit the shortening of stress rup- 
ture testing times in ranges of practical 
application. The extrapolation of say 
1000-hr data to yield 175,000 hr (20 yr) | 
results might be an extremely dangerous 
procedure at the present state of knowl- 
edge, and is certainly not recommended. 
However, if a reasonable extrapolation 
is to be made it would seem logical to use 
the parameter which yields the best 
correlation of the available data. 
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THE MEASUREMENT OF DIRECTIONAL STRENGTH IN STRAIGHT- 
AND CROSS-ROLLED STRIP STEEL BY THE NAVY TEAR TEST* 


By HELEN D. Hoover! 


= 
SYNOPSIS 


This work comprised an examination of two lots each of straight- and cross- 
_ rolled commercial quality 1085 strip steel. Bwg No. 9 in thickness, and was 
part of an investigation of the suitability of these materials for commercial 
application. Its purpose was to measure the directional differences that are 
known to exist between the two rolling types but that had not been definitely 
determined because a testing method, adequate to measure them quanti- 
tatively, has been lacking. a 
The following methods were applied: 
1. Chemical analysis, microscopic examination, and the ball test. These 
_ gave partial information. 
2. Ax al tension test, reverse bending fatigue test, cathodic etching, anda __ 
magnetometric study. These added nothing pertinent to the basic problem. | 
3. The Navy tear test. This was satisfactory and showed directionality 
and type of rolling in the hardened-and-tempered strip steel. It gave a quan- 
titative strength distribution in numerical values around a hypothetical 
center point in the strip. 
For the material used, the tear test showed: 
(a) Directionality was most pronounced in the straight-rolled strip. 
(b) Strength apparently increased with rolling effect. 
(c) The over-all strength of the two types of strip, when directionality was 
nullified by averaging, was approximately the same. 


A prevailing opinion is that cross- 
rolled steel, which has been equally re- 
duced along its two major axes, is 
uniformly strong in any direction, and 
that straight-rolled steel is strongest 
when stressed in its rolling direction and 
weakest when stressed transversely to 
it. That differences exist between the 
two rolling types is accepted, but a 
testing method, adequate to measure 
them quantitatively, has been lacking. 
Claims have been made that various 
tests will show these variations but sup- 

* Presented at the y- — Annual Meeting of the 
28-Jul: 3, 953. 


Research Meta gist, International Harvester Co., 
Research Dept., Chicago, Ill. 
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porting data and literary references are 
rare. 

This investigation was undertaken 
with the main object of measuring direc- 
tional differences in straight- and cross- 
rolled strip steel by a method adequate 
to definitely show behavior differences 
on the basis of rolling type, other things 
being reasonably equal. A secondary 
objective was to check the value of 
various other tests in this application. 

A comprehensive study of two lots 
each of commercial quality straight- 
and cross-rolled SAE 1085 strip steel, 
Bwg No. 9 in thickness, was made by 


|_| 


the following methods: chemical analy- 
sis, microscopic examination, the ball 


test, the axial tension test, the reverse 
bending fatigue test, cathodic etching, 
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TABLE I.—CHEMICAL COMPOSITION OF STEELS TESTED. 
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Quality: 


Inspection revealed no surface de- 
fects, laminations, or other detrimental 
irregularities. 


Chemical Composition, per cent 


Cc | Mn P s Si Cu Ni Cr | Mo 
Straight-rolled......... 0.88-0.89 0.84-0.88) 0.010-0.015) 0.030-0. 035! 0.18-0.23| <0.10 | <0.10 | <0.10 | <0.10 
Cross-rolled............ | 0.82-0.89 0.97-1.00) 0.010-0.020) 0.030-0. 035 0.19-0.20; <0.05 | <0.10 | <0.10 | <0.06 


(a) 


(b) 


Fic. 1.—Longitudinal Sections, 1085 Strip Steel as Rolled. Etchant, 2 per cent Nital (< 100) 


(a) Straight-rolled strip, showing irregular grain size and 
(6) Cross-rolled strip, showing regular grain size and pearlitic structure. 


magnetometric study, and the Navy 


tear test. 
MATERIAL 


Description of Steel: 


Four strips of Bwg No. 9 commercial 
quality SAE 1085 strip steel, two each 
of straight- and cross-rolled, were tested. 
Extension from ingot to strip was ap- 
proximately 210 X for the straight- 
rolled; for the cross-rolled, extension 
from ingot to slab was approximately 
13 X and, at 90 deg to the primary 
rolling direction, extension from slab 
to strip was approximately 19 X. 


rlitic structure. 


Gage: 

Thickness was 0.146 to 0.153 in. for 
the straight-rolled and 0.145 to 0.154 in. — 
for the cross-rolled and was in the upper 
portion of the 0.148 + 0.008 in. limits 
of Bwg No. 9. Edge-to-center variance 
was slight in the cross-rolled and not 
apparent in the straight-rolled. 


Hardness: 


As-rolled Rockwell hardness of the 
straight-rolled strip was C 17 to C 19; 
of the cross-rolled, C 27 to C 34. 
Chemical Composition: 


No differences in chemical composi- 


— 
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tion greater than the permissible varia- 
tions of the American Iron & Steel Inst. 
were found between edge and center 
locations or between the two strips of 
each rolling type. Table I shows the 
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exhibiting coarser pearlite, and larger 
and less even grains. Some intragranular 
cold work was observed in the straight- 
rolled strip at higher magnifications. 
At 250 X this was evidenced by a 


fe 


© d) 
Fic. 2.—Nonmetallic Inclusions in 1085 Strip Steel. Unetched (X 100). 


(a) Distribution of nonmetallics in longitudinal cross-section of straight-rolled strip. 
(b) Distribution of nonmetallics in cross-section pees to final rolling direction of cross-rolled strip. 


(c) Ribbonlike shape of inclusions in straight-ro 
(d) Irregular flat sha 

range of results obtained from eight 

samples from each type of strip. 


Microscopic Examination: 


Microstructure of both types of steel 
was pearlitic, with evidence of higher 
finishing temperature for the cross- 
rolled. Figures 1(a) and (6) show typical 
longitudinal sections of straight- and 
cross-rolled, respectively, the former 


led strip on = parallel to surface. 
ape of inclusions in cross-rolled strip on p! 


ne parallel to surface. 


“rippling” parallel to the rolling direc- 
tion, which passed freely from one colony 
of pearlite to the next, but not from 
grain to grain. At 1000 X, these areas 
showed fracture and dislocation of the 
lamillae. Transverse sections of both 
types were similar to Fig. 1(b), the 
straight-rolled being coarser. Present 
background does not permit attempts 
to relate these slight differences with 


— 
(a) 
~ 


directionality in the heat-treated condi- 
tion, as shown by these tests. . 

Surface decarburization was partial 
and not severe enough to reduce exterior 
Rockwell C hardness materially below 
interior hardness after heat treating. 
Mill-edge carbon loss was not excessive. 

Nonmetallic inclusion orientation and 
frequency differed with the types of 
rolling; segregation, elongation, and num- 
ber of inclusions were greater in the 
straight-rolled strip examined. Inclu- 
sion rating was made by Method 
A of the Standard Recommended 
Practice for Determining the Inclusion 
Content of Steel E 45). Eight 
longitudinal specimens, 1 in. by full 
strip’ thickness, were taken from each 
of the four strips at even increments 
from mill edge to mill edge, and their 
whole area surveyed. All fields were of 
the thin type with the exception of two 
which were among the better fields and 
thus were not recorded. Average results 
were: for the straight-rolled, A 5.0, 
B 0.1, C 0.2, D 2.0; for the cross-rolled, 
A 3.0, B 0.4, C 0.3, D 1.5. Figures 2(@) 
and (6) show the types observed in 
longitudinal cross-sections. Figures 2(c) 
and (d) were taken on sections parallel 
to and approximately 0.050 in. beneath 
the strip surface. Transverse cross-sec- 
tions showed the expected “peppered” 
effect with some short stringers in the 
cross-rolled. Very clean to very dirty 
fields were observed in both types of 
strip, the cross-rolled showing a more 
homogeneous distribution of the non- 
metallics than the straight-rolled. Heavi- 
est concentrations were not confined to 
central sections, and sporadic segrega- 
tions from surface to surface were noted. 

The long, discontinuous, ribbonlike 
stringers, which were typical of the 
straight-rolled, seem more likely to 
contribute to directional weakness than 
the shorter inclusions, pancaked in 
flat section, which are typical of the 


2 1952 Book of ASTM Standards, Part 1, p. 1477. 
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42 would give suitable physical proper- 


cross-rolled. How strong the effect of 
the inclusions may be in relation to 
other factors which influence directional 
behavior was not revealed by this study. 

To summarize, the material was of 
satisfactory quality and reasonable uni- 
formity. The only notable differences 
between the straight- and cross-rolled 
lots were in as-rolled hardness, man- 


Fic. 3.—Tempered Martensitic Structure of 


Hardened-and-Tempered Specimens for Me- _ 
chanical Tests. Etchant, 4 per cent Picral (X 
1000). 


ganese content, and nonmetallic fre- 
quency and orientation. 


Heat TREATMENT 


It was thought that a tempered mar- 
tensitic structure of about Rockwell C 


ties and also reveal any sensitivity of 
the material to nonmetallic inclusion 
differences. All mechanical test speci- : 
mens were heat treated as follows: 

1. Austenitize in neutral salt, 1575 F, 
10 min total time. 

2. Quench in neutral salt, 350 F, 2 
min. 

3. Air cool to room temperature. 

4. Wash with hot alkali cleanser; dry. 

5. Furnace-temper, 820 F, 1 hr. 

The Rockwell hardness obtained was 
C 41 to C 45. Figure 3 shows a typical 
heat-treated microstructure. 
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PRELIMINARY TESTS 
Ball Test: 


The ball test is made by pressing a 
1-in. hardened steel ball into a smoothly 


mum loads to produce fracture was 
attempted because of the numerous 
variables and the small amount of pres- 
ent knowledge on which to base such an 
attempt. 


TABLE IL—AVERAGE TENSILE PROPERTIES.* 


Property 


Straight-Rolled 


Parallel Transverse | Average 


Cross-Rolled 


Parallel | Transverse | Average 


Tensile strength, psi 


201 500 203 500 202 500 206 600 206 100 300 
Yield 164 100 165 400 164 800 167 700 175 300 171 500 
Ratio of yield strength to tensile strength.| 0.81 0.81 0.81 0.81 0.85 0.83 
Elongation in 2 in., per cent. .......... 9.0 7.5 8.0 7.0 6.5 7.0 
on = 8. 
a 
Parallel Transverse Parallel Transverse 


Straight-Rolled 
(X 2). 


reamed and chamfered 0.75-in. hole in 
a section of strip supported during the 
test by a hardened ring of 3-in. inside 
diameter on which the hole in the sam- 
ple is centered. 

The straight-rolled strip fractured 
straight along the rolling lines; the 
cross-rolled produced either random or 
curved breaks, unrelated to the rolling. 
Although this test differentiated between 
the two types of strip by fracture, no 
quantitative interpretation of the maxi- 


Cross-Rolled 


Fic. 4.—Reverse Bending Fatigue Test Fractures, Hardened-and-Tempered 1085 Strip Steel 


Axial Tension Test: 


Axial tension specimens were cut 
parallel and transverse to the (final) 
rolling direction of the strip. Average 
results are listed in Table IT. Statistical 
analysis of the data from which Table II 
was compiled showed no significant 
difference in tensile properties between 
(1) the straight- and cross-rolled steel, 
(2) the two lots of each type, (3) the 
edge and center sections of each strip, 
and (4) the parallel and transverse 


ww 


ww 


specimens. Fracture surfaces showed 
variations much like those of Fig. 4. 


Reverse Bending Fatigue Test: 


Polished specimens for reverse bend- 
ing fatigue tests were similar in strip 
location to the axial tension specimens. 
These tests produced distinct fracture 
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Navy TEAR TEST 


Procedure: 


The Navy tear test was developed by 
Kahn and Imbembo as a means of evalu- 
ating transition from shear to cleavage 
fracture in ship plate (1,2,3,4).4 The 
specimen is shown in Fig. 6, with ar- 


Strip No | 
Straight-Rolled Strip No2 
Cross—Rolled Strip No 2 
190.000 
90000 
= N 
\ 7 Parallel 
\ T 
= 80000 
2 NS 
Jronsverse 
Transverse 
70 000 Parallel 
Transverse 
Parallel 
60 000 


Cycles 


Fic. 5.—Summary of Reverse Bending Fatigue Test Results. 


differences by location and rolling type, 
as shown in Fig. 4. Figure 5, which sum- 
marizes all fatigue test data, shows that 
the results obtained were contradictory. 


Magnetometric Study: 

Tests with a spring torque magne- 
tometer did not separate the straight- 
and cross-rolled lots. 


Cathodic Etching:* 


Specimens prepared by cathodic etch- 
ing revealed nothing pertinent to the 
problem that was not shown by chemical 
etching techniques. 


* This should not be construed as criticism of these 
methods nor as a statement of limitation, since it is possi- 
ble that both might contribute more if the investigation 


were carried fu 


rows marked s indicating loading direc- 
tion. 

Tests were run on a 60,000-lb capacity 
testing machine, with PD-1M deflectom- 
eter and automatic stress-strain recorder. 
Specimens were positioned as shown in 
Fig. 7. Static tensile loading at the rate 
of 0.10 in. per min was applied asymet- 
rically, with initial eccentricity of 0.039 
in., to fracture. 

Thirty-six blanks were sawed from 
each strip to be tested. The diagrams of 
Fig. 8 show the sampling plan. Twice as 
many specimens were taken parallel to 


‘The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 736. 
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the rolling (0 deg) as transverse to it 
(90 deg), so that edge-to-center vari- 
ance might be checked by varying the 
notch position. Angled specimens covered 
both directions from the rolling axes. 

The importance of accurate direc- 
tional sampling for this application of 
the Navy tear test cannot be overempha- 
sized. 


> 


3/4* DRILL 


| 
| 


Fic. 6.—Navy Tear Test Specimen. 


The edges to be notched were ground. 
A jig-bored fixture was used to locate 
accurately the 0.75-in. support holes 
and 0.078-in. drill hole in relation to 
each other and to the ground edge. 
Notches were milled in groups of six. 
No further machining was required 
after heat treatment. 

Maximum load in pounds was re- 
corded from the dial of the testing ma- 
chine, and work absorbed to fracture in 
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foot-pounds was computed from the 
area under the curve. Because variations 
in thickness and fracture length were 
small, calculations to standard area or 
thickness are not reported. Extension 
in inches was read from the curve. 


Fic. 7.—Navy Tear Test Specimen and Fix- 
tures in Position for Testing. 


Spread was not excessive. Data were 
averaged by location in the strip for 
each angular position and lot of ma- 
terial. No significant differences were 
shown between locations or lots of each 
rolling type. Individual data and de- 
tailed breakdowns have been omitted as 


| 
— 
J 16" SAWCUT i 
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OF FINAL ROLLING 


PARALLEL AND TRANSVERSE SPECIMENS 


abi 


OF STRIP——>> 


ANGLED SPECIMENS 


Fic. 8.—Plan of Sampling for Navy Tear Test. 


unnecessary. “Work absorbed to frac- 
ture’’ refers to initial fracture.® 


5 No measurable tearing 
of any specimen, so energy to propaga racture is so 
small a = of the whole ener; t it may, be considered 
negligible. Stress analysis of the specimen, discussed later 
in this paper, showed that the area involved in initiating 
the fracture was very small and that the thickness at the 
base of the notch was the important dimension in these 
tests. In subsequent work, values will be presented on the 
basis of standard thickness of 1 in. 


the fracture 


Table IIL shows average property 
values, individual maxima and minima, 
and percentage differences for all parallel 
and transverse specimens. The spread 
for these positions is representative of 
that for other angular positions tested. 
It is interesting that, although per- 
centage differences between parallel and 
transverse specimens of each type are 
marked, the average of the two positions 
shows the over-all strength of the 
straight- and cross-rolled to be almost 
the same. 

Table IV shows averages of all tear 
tests. The 0 and 90 deg values are the 
same as in Table III. The over-all 
averages are not importantly different 
when the fracture variables related to 
the angular positions are considered. 
(See section on Fracture Indications.) 


Discussion of Data: 


Strength Distribution—Some of the 
data from Table IV have been expanded 
to give the strength-distribution curves 
of Fig. 9. (The effect of extension is re- 
flected in the work absorption values so 
it was not graphed separately.) The 
position of the specimens in gelation to 


TABLE III—COMPARISON OF AVERAGED TEAR PROPERTY VALUES, PARALLEL AND 
TRANSVERSE SPECIMENS. 


Straight-Rolled Cross-Rolled 
Tear Property 
Parallel | Transverse| Average Parallel | Transverse| Average 

Maximum Piahicesaccuskanswewonen 20 150 14 450 17 300 18 100 16 900 17 500 

19 250 13 650 16 100 15 650 

20 950 15 850 18 900 17 800 
Work absorbed to fracture, ft-Ib........ 98 45 71.5 75 64.5 70.0 

Difference” . -| +117.8 eee +16.3 

Difference® . +2.1 wae 

Minimum. . 78 41 vee 63 53 

Maximum.. 104 52 ae 82 74 nines 
0.1110 0.0755 0.0935 0.0970 0.0905 0.0940 

0.0975 0.0700 0.0825 0. 

0.1200 0850 0.1050 0.1000 


= 32, 0 deg; = 16, 90 


eg. 
Percentage difference La. ; parallel and transverse. 
© Percentage difference between straight-rolled and cross-rolled averages. 
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TABLE IV.—AVERAGED TEAR yacverty PECIMENS.* PARALLEL, TRANSVERSE, AND 
; Angle of Seistininis Relation to Final Rolling Direction, deg Over-all 
Tear Property y Seat 
age 
0 } 2s | 45 | os | 90 
StRAIGHT-ROLLED 
I 0... ccccanaiainneanen 20 150 19 800 18 300 15 450 14 450 17 650 
Work absorbed to fracture, ft-lb........ % 5 64.0 45.0 45.0 67.5 
0.1110 0.1025 0.0825 0695 0.0755 0. 
Cross-ROLLED 
Maximum load, Ib.................0000. 18 100 | 17 900 16 300 16 700 16 900 17 200 
Work absorbed to fracture, ft-lb........ 75.0 74.0 48.0 51.5 64.5 62.0 
0.0970 0.0870 0.0705 0.0735 0.0905 0.0835 
* nm = 32,0 deg; » = 16, 90 deg; » = 8, all other positions. 
o° ° 
6 
A 2 
° 
90° 
| 
105 
20 80 
traight - Rolled Straight -Rolled 
= 2 
x - 4 
Cross-Rolled 
10 30 
q Oo .». 22.5° 45° 67.5° 90° °° 22.5° 45° 67.5° 90° 
Relation to Final Rolling Direction Relation to Final Rolling Direction 
a Maximum Load, lb Work Absorbed to Fracture, ft-lb 


Fic. 9.—Strength-Distribution Curves, Hardened-and-Tempered 1085 Strip Steel, Straight- and 
Cross-Rolled. 


= i 
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the (final) rolling direction is indicated 
by angular positions, where 0 deg is 
parallel to the rolling and 90 deg is 
transverse to it. The polar graphs show 
a 360-deg distribution of strength around 
a hypothetical center point in the strip; 
the rectilinear curves cover 90 deg only. 

Some conclusions that may be drawn 
from Table V fellow: 

1.The maximum strength of the 
straight-rolled material was parallel to 
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rection; the cross-rolled was stronger 
through the one third (60 to 90 deg) 
extending from the direction at right 
angles to the final rolling. 

Therefore, the cross-rolled strip had a 
more even strength distribution than 
the straight-rolled, although it was 
weaker throughout two thirds of the 
strip section. 

3. Parallel to the rolling direction, the 
straight-rolled strip was 40 per cent 


TABLE V.—SUMMARY OF TEAR STRENGTH DISTRIBUTION (FROM TABLES III AND IV AND FIG. 9) 


Maximum Load Work Absorbed to Fracture 
Position Pounds Position 
Straight-rolled 
0 deg 20 150 0 deg 97.0 
Stronger through 4 of sheet next to 0 ‘deg axis 
Parallel to transverse 1.40 totransverse | 2.18 
um to minimum | 1.40 | ximum to minimum | 2.18 
Cross-rolled | 
0 deg 18 100 0 deg 75.0 
EE SE IER 90 de 16 900 90 deg 64.5 
45 deg 16 300 | 45 deg 48.0 
| eee Stronger through 4 of sheet next to 90 deg axis 
Parallel to transverse 1.07 Parallel to transverse 1.16 
Maximum I to minimum 3.8% um I to minimum | 1.57 
Strai vad cross-rolled | | 
60 deg 16 500 60 deg 50.0 
ro 


the rolling direction and the minimum 
transverse to it. The high maximum (I) 
of the cross-rolled was parallel to the 
final rolling direction, the lower maxi- 
mum (II) was parallel to the primary 
rolling direction, and the minimum was 
at 45 deg to the rolling axes, where the 
rolling effect should be very slight if 
the primary and final extensions were 
approximately the same. 

Therefore, strength seems to increase 
with rolling effect. 

2. The straight-rolled material was 
stronger than the cross-rolled through 
the two thirds of the strip section (0 to 
60 deg) extending from the rolling di- 


higher in maximum load and 118 per 
cent higher in work absorbed to frac- 
ture than transverse to it, whereas the 
cross-rolled was, respectively, only 7 
and 16 per cent higher. At maximum 
strength the straight-rolled strip was 
40 per cent higher in maximum load and 
118 per cent higher in work absorbed 
to fracture than at minimum, whereas 
the cross-rolled was, respectively, only 
11 and 57 per cent higher. The maximum 
values for the straight-rolled strip were 
11 per cent higher in maximum load and 
29 per cent higher in work absorbed to 
fracture, with the corresponding straight- 
rolled minimum values being 11 and 6 


— 
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per cent lower than the respective cross- the five angular positions tested were 
rolled minimum values. averaged, the straight-rolled was only 

Therefore, the straight-rolled strip 3 per cent higher in maximum load and 
was stronger than the cross-rolled at 9 per cent higher in work absorbed to 


Parallel Transverse 
Straight-Rolled 


Parallel Transverse 
Cross-Rolled 

Fic. 10.—Typical Navy Tear Test Fractures, Parallel and Transverse Specimens, Straight- and 
Cross-Rolled Strip. 
maximum and weaker at minimum, had fracture than the cross-rolled. Analysis 
wider range, and showed greater strength by statistical methods indicates that 
advantage at maximum than disadvan- this could have occurred by chance 
tage at minimum. alone. 
4. When tear property values from Therefore, the over-all strength of the 


; 
| 
3 


two types of strip, when directionality 
was nullified by averaging, was approxi- 
mately the same. 


In the types of strip steel examined, 
and presumably in other types, sufficient 


(a) 22.5 deg from parallel. 


(c) 67.5 deg from parallel. 
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plotting maximum load against angular — 
position, provided thickness and frac- 
ture length do not vary excessively. 
Maximum differences of about 5 per 
cent were present in the specimens 


(b) 45 deg from parallel. 


(d) Irregular break. 


Fic. 11.—Typical Navy Tear Test Fractures, Angled Specimens, Straight-Rolled Strip. 


specimens taken at 22.5 deg intervals in 
five positions starting parallel to the 
final rolling or rolling direction (0 deg) 
and tested as described here will give a 
quantitative strength distribution in 
terms of “maximum load, lb,” around a 
hypothetical center point, with no cal- 
culations and no further work except 


tested here, and did not significantly af- 
fect the results. 

Fracture Indications ——In most cases, 
the autographic curves showed little 
or no indication of plastic flow before — 
maximum load was reached, where the 
break was initiated and then propagated 
to complete failure “instantaneously.” _ 


| 
3 
mites 
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The curve showed no evidence of tear- 
ing after maximum load was reached. 
Although these fractures all were com- 
pleted abruptly, they were not of a 
wholly brittle nature. Shearing was 
present in some straight-rolled and all 
cross-rolled fractures, and it is a rea- 
sonable assumption that some small 
amount of tearing may have occurred. 
This examination was planned to deter- 
mine directionality in relation to roll- 
ing type only, so no attempt was made 
to evaluate per cent of shear, notch 


cy 


ROLLING DIRECTION 


DIRECTION OF LOADING 
DIRECTION OF FRACTURE 


Fic. 12.—Direction of and Frac- 
ture in Navy Tear Test, Straight-Rolled Speci- 
mens. 


sensitivity, or any small amount of 
energy to propagate fracture. 

Figure 10 shows typical fracture sur- 
faces and edges for parallel and trans- 
verse specimens of both types of steel. 
Figure 11 shows surface, edge, and direc- 
tion of fracture for angled straight-rolled 
specimens. The arrows in Fig. 10 indi- 
cate the (final) rolling direction. Letters 
and numerals are specimen numbers not 
considered in this discussion. In Fig. 
11, angular position of A-4 is omitted, 
this irregular type of break having oc- 
curred in two specimens cut at 45 and 
67.5 deg. No pictures were taken of the 
angled cross-rolled specimens, which 


broke very similarly to the transverse 
cross-rolled. 

From Figs. 10 and 11 it may be seen 
that: 

1. Of the cross-rolled specimens, those 
cut parallel to the final rolling direction 
alone could be distinguished by posi- 
tion and only by careful examination of 
the fracture edge. 

2. Straight-rolled parallel and trans- 
verse specimens and straight-rolled an- 
gled specimens could be readily sepa- 
rated in most cases by fracture surface 
and edge of the former, and by fracture 
direction of the latter. 

3. Separation of straight- and cross- 
rolled material by this test is doubtful, 
unless complete sets of specimens are 
tested. 

Numerous splits in the fracture sur- 
faces were observed, which microscopic 
examination revealed were caused by 
nonmetallics, in some cases by discon- 
tinuous chains of minute inclusions. 
Since the test seems to be sensitive to 
very small defects, any serious flaws 
should be plainly revealed, if the sample 
tested should contain such a defect at 
or very near the line of fracture. 

Figures 11 and 12 show that all 
straight-rolled specimens broke along or 
near the rolling lines except those cut and 
loaded parallel to the rolling direction 
(0 deg), where such a break normally 
could not occur. This directional frac- 
ture of the straight-rolled specimens is 
striking evidence of the strong direc- 
tionality of this lot of material. No such 
fractures occurred in the cross-rolled 
and no exceptions were observed in the 
straight-rolled. (The two irregular 
straight-rolled fractures followed the 
rolling lines throughout part of the frac- 
ture length.) The difficulties of fracture 
proceeding at 22.5 deg to the loading 
direction are considerable, because such 
a break takes a path at 67.5 deg to the 
direction of maximum mechanical stress, 
which is at right angles to the loading 
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direction. Such difficulties are less in 
specimens cut at 45 deg and still less in 
those cut at 67.5 deg. The fracture, 
which is apparently initiated in a very 
small area at right angles to loading, 
tends to follow the easiest way to com- 
plete failure. In these straight-rolled 
specimens, the differential between the 
weakest direction (with the rolling) 
and other directions in the strip is ap- 
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stress is highest in a small angular range 
at the base of the notch. Figure 14 shows 
that it is very high on the center line at 
the notch base and decreases rapidly 
away from the notch along the center 
line to a relatively stable value. How- 
ever, the difference between the princi- 
pal stresses, as shown by the fringe 
value, decreases from a maximum at the 


notch to zero at approximately 0.099 in. _ 


ee 


Fic. 13.—Photoelastic Fringe Pattern at Base of Navy Tear Test Specimen Notch (X 25 ap- 


proximately). 


parently large enough to overcome the 
mechanical obstacles to the formation 
of angular fracture under the test load- 
ing setup. 

Stress Analysis of Specimen.—Figure 
13 shows the photoelastic fringe pat- 
tern developed at the base of the notch 
on a catalin facsimile of the Navy tear 
test specimen after 60 sec under a load 
of 62 lb. The dots along the center line 
to the right of the base of the notch 
correspond to the positions plotted in 
the left portion of Fig. 14, which is a 
graphic representation of the two princi- 
pal stresses in this location. 


= Fig. 13 it may be seen that the 


and remains very small for some dis- 
tance beyond. In this case, the low fringe 


axiality of the stress, as is shown by the 
approximate equality of the parallel 
and perpendicular stresses in Fig. 14. 
One might expect some yielding to 
occur in a small section at the center 
of the base of the notch and then be 
inhibited by the biaxiality. The load 
would then rise to a. maximum and the 
fracture take place abruptly. This con- 
curs with the behavior of the specimens 
tear-tested, the autographic curves, and 
the appearance of the fractures. ; 
At the base of the notch there is only 


value indicates almost complete ie 
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one stress, and the fracture must start 
inward at right angles to the loading 
direction. In the biaxial region, where 
there is no very dominant stress direc- 
tion, the fracture might be expected to 
proceed in the weakest direction. 

In the straight-rolled material, there 
is a considerable difference in strength 
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It seems that the combined effects of 
the strength differences in the two types 
of material and the approximate bi- 
axiality in the tear test specimen along 
the center line in the region a short dis- 
tance behind the base of the notch offer 
some explanation of the difference in 
fracture direction in the strip steel tested. 


Dimensions on Specimen 


~ 0.429" > 
0.039" 


950 
ease of Notch | | | | 
1800 @ Stress Parallel to Loading Direction H 
© Stress Perpedicular to Loading Direction 
1650 <-> Small Arrows indicate Direction of Stresses | 
1500 
1350 


Right Edge of Fig. 13 


300 ] 
150 


to Loading Direction. 


in terms of maximum load between the 
minimum, that at 90 deg to the rolling 
direction where fracture parallels the 
rolling, and that at other locations in 
the strip. Fracture followed the rolling 
direction in this material in all cases 
where such a break was possible. 

In the cross-rolled material, the load 
minimum at 45 deg to the rolling axes 
is only slightly lower than the values 
found for most other locations. Frac- 
tures proceeded directly across the 
specimen in a direction at right angles 
to the loading. 


0.000 0.043 0.087 0.130 0.173 0.217 0.260 0.303 0.347 0.390 
Distonce From Base of Notch, in. 


Fic. 14.—Graph of Two Principal Stresses at Base of Notch Along Center Line at Right Angles 


Comment on Test Application.—This 
application of the Navy tear test is in- 
expensive, easy to perform, and may be 
simply interpreted in terms of direc- 
tionality and relative strength distribu- 
tion. Specimens are easily and quickly 
prepared. Observation indicates that 
slight warpage, surface scale, or de- 
carburization does not invalidate re- 
sults. No difficulty was experienced with 
specimens where the slot was slightly 
offset from the center of the notch drill 
hole. 

The fixtures are simple. Centering on 


1200 
: 750 
00 
“ 


the support pins by means of the spacing 
washers need only be approximate. The 
loading is as easy as in axial tension 
testing, and the adjustment prior to 
loading is easier, since the difficulties of 
securing proper alignment and firm grip- 
ping, encountered in tension testing of 
flat specimens, are absent. 

Results from specimens of similar 
angular position and adjacent locations 
checked closely. Spread was slightly 
wider when specimens were located some 
distance apart in the strip. Three speci- 
mens exhibited eccentric behavior, for 
which no cause was found. Work ab- 
sorbed to fracture showed greater scat- 
ter than maximum load, this: being re- 
lated to changes in extension for which 
the cause is not apparent. The results 
indicated an acceptable test accuracy 
which, however, was not computed be- 
cause of the limited material. for 
sampling. 


SUMMARY 


This application of the Navy tear 
test showed directionality and type of 
rolling in the 1085 hardened-and-tem- 
pered strip steel examined. It also gave 
a quantitative strength distribution in 
numerical values around a hypothetical 
center point in the strip. 

Directionality in the straight-rolled 
strip was so marked that specimens 
loaded in the direction of sampling broke 
strikingly along the rolling lines, with 
the exception of those cut parallel to 
the rolling direction (0 deg), where such 
a break is normally impossible. The cross- 
rolled specimens broke at right angles 
to the loading regardless of the direction 
of sampling. Directionality in the 
straight-rolled material was shown both 
by fracture appearance and direction 
and by the strength-distribution curve. 
In the cross-rolled, it was shown by the 
curve only and was much less marked. 

Strength appeared to increase with 


HOOVER ON MEASUREMENT OF DIRECTIONAL STRENGTH © 


735 


rolling effect. The highest and lowest 
strength values were exhibited by the 
straight-rolled strip, which was stronger 
throughout the section from 0 to 60 deg 
and weaker from 60 to 90 deg. The over- 
all strength of the two types, when direc- 
tionality was nullified by averaging, was 
about the same. 

There are some indications that the 
Navy tear test, when applied to steel 
similar to that tested here, and possibly 
to other types, may give strength and 
rolling information both when the roll- 
ing axes are known and when they are 
not, within reasonable limitations. The 
ease and simplicity of applying the test, 
coupled with the large amount of in- 
formation produced, point to possible 
great usefulness in the mechanical test- _ 
ing field. 

Further work on similar material 


utilizing the Navy tear test, now in - 
progress or planned at International 


Harvester Manufacturing Research, 
comprises the testing of curved sections, 
a study of the relation between mill 
practice and directionality (in coopera- 
tion with The Steel Company of 
Canada), and the effect of variations in 
heat treatment and chemistry. An at- 
tempt is also being made to use the test 
as a measure of drawability in deep- 
drawing quality sheet steel. 

Chemical analysis, microscopic exam- 
ination, and the ball test produced par- : 
tial information, while the axial tension 
test, reverse bending fatigue test, ca- 
thodic etching, and a magnetometric 
study added nothing pertinent to the 
basic problem. 
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Messrs. N. A. KAHN AND E. A. Iu- 
BEMBO! (presented in written form).?— 
The discussors are happy to learn of 
an application of the Navy tear test 
other than that for which they originally 
developed this technique and are par- 
ticularly gratified with the author’s 
statement that “the ease and simplicity 
of applying the test, coupled with the 
large amount of information produced, 
point to possible great usefulness in the 
mechanical testing field.” The discussors 
wish to commend the author for the 
excellent paper which she has presented 
and have but a few relatively minor 
comments to make. 

The author indicates that, on the basis 
of microscopic examination, there is 
evidence of higher finishing temperature 
for the cross-rolled material. However, 
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the microstructures do not appear to 
support this statement in that the cross- 
rolled material shows a finer and more 
uniform grain structure which possibly 
indicates a lower rather than a higher 
finishing temperature for the cross-rolled 
material. In addition, the considerably 
higher “‘as-rolled” hardness of the cross- - 
rolled material would tend further to 
indicate a lower finishing temperature. 

In connection with the preparation of 
the Navy tear specimen, the discussors 
wish to point out that it is their practice 
to finish machine the edge of the speci- 
men opposite the notch and to locate, 
with suitable jigs, the loading and notch 
holes relative to this edge. The advantage 
of this procedure over that employed by 
the author is that the fracture length or 
depth of metal beneath the notch can be 
accurately reproduced from specimen to 
specimen. 

The discussors wish to inquire as to 
whether the author has any specific plans 
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for practical utilization of the tear test 
such as its incorporation in specification 
requirements for strip steel. 

Mrs. HELEN D. Hoover (author).— 
Mr. Kahn and Mr. Imbembo have 
questioned the statement that the micro- 
structure showed evidence of higher 
finishing temperature for the cross-rolled 
strip. I am quite willing to agree that the 
finer and more even grain of the cross- 
rolled and its higher as-rolled hardness 
may be indicative of a lower finishing 


(accompanying Fig. 15). From such 
information as was available from the 
steel supplier, my conclusion was that it 
was likely that the reduction of the 
straight-rolled had been started at a 
temperature high enough to allow forma- 
tion of very coarse pearlite, and had been 
completed at a temperature low enough 
to permit formation of very fine pearlite 
and also to cause cold working, while the 
reduction of the cross-rolled had been 
carried out at a temperature range some- 


(a) Longitudinal Section. 
cent Nital (X 250). 


Fic. 15.—Distortion of Pearlite in 


temperature. In support of this point of 
view there is also the fact, not reported 
in the paper, that the pearlite of the 
cross-rolled material, which ranged from 
fine to medium, was finer on the average 
than that of the straight-rolled, which 
ranged from very fine to very coarse. 
These variations in fineness of pearlite 
and hardness could have resulted from 
different rates of cooling after rolling, 
but, since the material was specially 
rolled in very short lengths, this did not 
seem to be the answer. During the study 
of the as-rolled material, it was observed 
that there was fracture and distortion of 
the pearlite lamillae in the straight-rolled 
strip and that the alignment of the dis- 
locations pointed toa effect 


Etchant, 2 per . 


(b) Enlargement of Coarse Area of (a). 
Etched in 2 per cent Nital (X 1000). 


Straight-Rolled 1085 Strip Steel. 


where inside the limits of the other, so 
that grain size and lamillar spacing were 
more even and cold working did not 
occur. 

This question of finishing temperature 
is arguable, as is the question of whether 
or not the observed differences in as- 
rolled structure have notable effect on 
the performance of the material after 
hardening and tempering. Phillips and 
Dunkle*® have reported that annealing 
low-carbon steel lowered tensile strength 
but did not remove the effects of previous 
cold rolling on the pattern produced by 
axial tension testing of specimens located — 
in the five angular positions used in this — 
Arthur Phillips and H. H. 


Properties in Rolled and Annealed ‘bon Steel,”’ 
Transactions, Am. Soc. Metals, Vol. - Pp. Cou (1935). 
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application of the Navy tear test, and 
that earring in cupping tests was in- 
creased in the same material when cold 
rolling had preceded annealing. Whether 
carryover would be shown in tear tests 
of hardened-and-tempered high-carbon 
strip is a moot question, so that the 
importance of the cold working and 
finishing temperature in the strip used 
for our tests is in doubt. 

The finish machining of the edge to be 
notched was purely a matter of setup 
convenience in our work. We held the 
strip in a jig and cut the blanks with a 
fine saw, so that size variation was small, 
not exceeding +0.003 in. in the nominal 
2-in. fracture length. All of our fractures 
were “instantaneous” so that we were 
mainly concerned with energy absorbed 
to initiate fracture, and fracture length 
meant little. In tearing breaks, where 


energy to propagate fracture is of major 
importance, fracture length is corre- 
spondingly important and finish machin- 
ing of the edge opposite the notch, as is 
done at the New York Naval Shipyard, 
has a distinct advantage. This latter 
method also should be used if the cutting 
of the blank has caused changes in the 
structure of the material by mechanical 
working or heating. 

We have no current plans for using the 
Navy tear test for specification purposes. 
Opinions have been expressed that the 
criteria commonly used in specifying 
strip steel are inadequate because ma- 
terial well within their limits may show 
wide performance variation. We have 
detected certain corresponding differ- 
ences by means of the tear test, but our 
data are not comprehensive enough to 
permit further comment. 
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A COMPARISON OF IMPACT TESTING MACHINES IN THE 20 TO al 7 
FT-LB RANGE* 


vm 


C. AND 


Reproducibility of the notch impact 
test from one machine to another has 
been a matter of some concern for a 
number of years (1). This subject has 
become even more important as interest 
in notch toughness as a property of steels 
for various structural applications has 
increased. Recently several publications 
on the subject have appeared (2, 3, 4), 
some of which report rather wide differ- 
ences in results from different machines. 
Because of the interest in this subject 
within various units of United States 
Steel Corp., a joint investigation was 
initiated in 1950 for the purpose of com- 
paring a number of the impact testing 
machines used by these units. 


Scope of Investigation: 


It was decided to limit the investiga- 
tion, initially, to tests using keyhole- 
notch Charpy specimens, to the energy 
range 20 to 30 ft-lb, and to tests made at 
a single temperature, 80 F. The testing 
program was planned, using established 
statistical methods, with the following 
objectives in mind: 

1. To find even rather small differ- 
ences if they exist. The original aim was 
to detect differences of 1.3 ft-lb or larger, 

* Presented at the : sixth Annual Meeting of the 
June 28-July 3, 

Research 'S. Steel Corp., Ji 

often, and Development Division, U. S. S 
Corp., Pittsburgh, Pa. 

3 + Engineering Statistician, New York, N. Y. 


he boldface numbers in parentheses <4 to the list 
of references appended to this paper, see p. 750. 
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but the actual results turned out to be — 
somewhat better than this. 

2. To eliminate factors that might give ; 
false indications of differences in ma- 
chines. 

3. To obtain results applicable to the 
testing of different classes of product 7 
that are most likely to be of interest. 


she desired sensitivity in detecting 
differences among machines was obtained 
by testing 64 carefully selected specimens 
on each of the machines being compared. 
The effect of extraneous factors was kept 
to a minimum by preparing all specimens 
in a single shop, by random order of 
specimen preparation and testing, by 
balanced allocation of specimens to ma- 
chines, and by careful attention to details 
of testing, including centering the speci- 
mens in the machine and making all tests 
at the same temperature. Generality of 
the results was increased by testing two 
general types of material having nearly 
the same energy absorption at 80 F but 
differing widely in hardness, tensile prop- 
erties, and microstructure. The two 
classes of material selected were a struc- 
tural carbon plate steel (normalized) and 
a hardened-and-tempered low-alloy steel 
(4340), specimens from several heats of 
each being tested. 

Included in the comparison were 20 


impact testing machines representin ; 

a 


= 
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four commonly used makes. Each ma- 
chine was checked in accordance with 
the requirements of ASTM Tentative 
Methods of Impact Testing of Metallic 
Materials (E 23-47 T).5 Some of the 
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machine using 2-mm radius anvil and 
striker edges rather than the 1-mm radius 
anvil and 8-mm radius striker edges 
specified in Methods E 23. 

In addition to the comparison of two 


TABLE I.—RESULTS OF INSPECTION AND CALIBRATION OF TESTING MACHINES. 


Friction 
rox. | Nominal | Velocity, Anvil Striker Striker and Brake 
Machine Make : Copaity, ft per Radius, ius, Width, | Windage Loss, 
yr. t-lb mm mm mm » ft-lb 
ft-lb 
De ecuiweune I 8 263 16.8 0.8-0.9 8.1 3.3 0.9 6.0 
120 11.4 0.8-0.9 8.1 3.3 0.3 0 
B I 15 235 16.6 0.5-0.9 7.7 3.9 0.8 —6.0% 
Cc I 0-1 270 16.8 0.8-0.9 8.0 3.7 0.8 0 
120 11.2 0.8-0.9 8.0 3.7 0.4 0 
iavsaanotacs I 18 238 16.7 0.6-0.7 8.0 4.2 3.2 —5.5* 
I 2 264 16.8 1.0-1.1 8.0 3.6 1.7 —0.5¢ 
115 11.2 1.0-1.1 8.0 3.6 0.7 —0.5¢ 
F I 6 264 16.8 0.5-0.7 4.9 3.6 1.4 0.3 
120 11.4 0.5-0.7 4.9 3.6 0.6 0 
I 24 228 17.6 0.41.1 7.9 4.4 0.5 0 
a II 15 220 18.1 0.91.1 7.8 4.0 0.4 0 
iva tcxpanes II 15 220 18.1 2.0 2.0 Tangent 0.4 0 
II 8 108 12.7 0.8-1.1 8.2 3.7 0.3 0 
sd II 8 109 12.8 1.1-1.2 6. 4.3 0 
SABA II 17 221 18.1 1,.1-1.3 6.5 3.6 0.4 0 
L. II 7 110 12.8 0.9-1.0 4.9 3.9 0.2 0 
M II 4 110 12.8 1.1-1.4 6.6 4.3 0.3 0 
N... II 2 110 12.8 1.3-1.4 7.9 4.1 0.2 0 
Fee Itt 4 119 17.0 0.9-1.0 8.2 4.2 0.5 0 
y. Ill 5 121 17.0 1.0-1.1 8.2 4.2 0.6 0 
Q.. IV 15 162 15.4 0.7-1.0 8.1 5.3 0.4 0 
127 13.6 0.7-1.0 8.1 5.3 0.2 0 
47 8.1 0.7-1.0 8.1 5.3 0.1 0 
Ditcscocevecks Iv 19 109 15.2 0.8 7.8 3.9 0.5 0 
43 9.6 0.8 7.8 3.9 0.2 0 
bisa okacacadiien Iv 24 119 16.0 2.3 5.9 3.3 0.4 0 
9.9 2.3 5.9 3.3 0.1 0 
IV 22 110 15.2 5.3 8.0 4.1 0.2 0 
43 9.6 1.1 8.0 4.1 0.1 0 


@ Brake adds energy to pendulum. 


characteristics of these machines are 
listed in Table I. In most instances the 
anvils and strikers had been modified 
where necessary with the aim of com- 
plying with the dimensions specified. An 
additional set of tests was made on one 


. oe Bask of ASTM Standards, Part 1, p. 1451, Part 


2, p. 12 


types of anvil and striker on one machine, 
a limited number of supplementary tests 
were made on four machines of one make 
to investigate the effect of testing with 
or without an automatic brake, and on 
these four machines and on four ma- 
chines of another make to compare the 


results of using high or low capacity 


-- 
| 
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ranges. In these tests, fewer specimens 
were used, and consequently -the preci- 
sion of the results is less than in the 
main comparison. 


MATERIAL AND PREPARATION OF 
SPECIMENS 


Specimens were prepared from struc- 
tural carbon steel in plate form and from 


TABLE II.—COMPOSITION AND HARDNESS OF STRUCTURAL CARBON STEEL . 


jective of the investigation, is not con-— 


sidered further in this paper. 

Structural carbon steel of the composi- 
tion shown in Table II was hot rolled to 
0.5-in. thick plate. Each of the eight 
plates, two from each of four heats, was 
from th+ middle slab of the respective 
ingot. hor this investigation, only the 
outer portions, 20 in. wide, from both 
sides of each plate, were used. These 


Composition, per cent Rockwell B 
Hardness 
Heat Ingot As Normal- 
C | Mn P Ss Si Ni Cr | Cu i 
cdc svceswse » SSR 0.24 | 0.48 0.010 0.031 0.06 0.07 | 0.03 | 0.08 74.0 
Mee Sccscecouces 0.25 | 0.47 0.009 0.033 0.06 0.06 | 0.02 | 0.08 75.5 
an icinnecaan ees 0.23 | 0.48 0.013 0.041 0.037 0.07 | 0.03 | 0.11 71.0 
_  * ere 0.23 | 0.47 0.013 0.041 0.033 0.08 | 0.03 | 0.10 71.0 
No. 308258...... nr Se 0.24 | 0.53 0.009 0.042 0.046 | 0.05 | 0.03 | 0.07 72.5 
Se 0.24 | 0.53 0.009 0.042 0.042 0.05 | 0.04 | 0.07 73.5 
No. 0.22 | 0.46 0.007 0.035 0.043 0.10 | 0.05 | 0.09 73.5 
er 0.22 [ 0.45 0.007 0.037 0.046 | 0.10 | 0.05 | 0.09 73.5 
TABLE III.—COMPOSITION AND HARDNESS OF 4340 STEEL. 
. Rockwell C 
Composition, per cent As 
1 Heat Billet Quenched 
| s | si | cul] ni| ce | 
a Mn i ‘u i r © | Tempered 
By Ts vccnccasce No. 0.70 | 0.012 | 0.016 | 0.30 | 0.01 | 1.79 | 0.88 | 0.23 39.0 
No. 0.70 | 0.014 | 0.017 | 0.30 | 0.02 | 1.79 | 0.87 | 0.24 39.2 
PR Es ocinecccnne No. 0.74 | 0.010 | 0.014 | 0.26 | 0.01 | 1.65 | 0.73 | 0.24 37.7 
No. 0.73 | 0.011 | 0.015 | 0.26 | 0.01 | 1.64 | 0.72 | 0.23 37.5 
Me. 24D187....... 0000 OS ee 0.41 | 0.85 | 0.032 | 0.024 | 0.27 | 0.01 | 1.84 | 0.91 | 0.24 39.8 
_ Saar 0.41 | 0.86 | 0.037 | 0.025 | 0.27 | 0.02 | 1.82 | 0.92°| 0.24 39.6 
No. X32955...........- OS Sees 0.38 | 0.75 | 0.012 | 0.017 | 0.29 | 0.01 | 1.83 | 0.86 | 0.24 38.8 
eR Kieseccuns 0.39 | 0.75 | 0.012 | 0.016 | 0.28 | 0.01 | 1.84 | 0.83 | 0.24 38.7 


bars of SAE-AISI 4340. Because of the 
relatively large number of specimens re- 
quired for each test, it. was possible to 
include several heats of each grade and 
samples from different plates or bars from 
each heat. As a consequence, it was pos- 
sible to determine the generality of the 
findings with respect to each grade of 
steel and also to obtain supplementary 
data on variation in notch toughness 
within each grade. This latter aspect, 
which is quite aside from the main ob- 


sections of plate were normalized by 
heating for 30 min at 1650 F and cooling 
in air, with the plates standing on edge to 
permit uniform cooling. Hardness of the 
normalized plate sections ranged from 
71 to 75.5 Rockwell B, as given in Table 
II. 

Eight billets from four heats of 4340 
steel having the composition shown in 
Table III were hot rolled to 174-in. 
square bars. The first and last of seven 
bars from each billet were used in this 
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investigation. The bars were heated to 
1550 F in a continuous furnace, quenched 
in oil, and then tempered 3 hr at 1025 F. 
Hardness of the bars after this heat 
treatment was approximately 37.5 to 
39.5 Rockwell C, as given in Table III. 

From the bars and the sections of 
plate, specimen blanks approximately 
3 in. square and 7 in. long were prepared. 
Those from the plate were cut transversely 
to the long axis of the plate and repre- 
sented full plate thickness. Specimen 
blanks from the bar stock were prepared 
by quartering the bars lengthwise. These 


TABLE IV.—DIMENSIONS OF SPECIMENS. 


| 
age Ol | Estimated 
Specifica- 10 
tion Speci- Range 
mens 
Height, 0. 3930-0. 3950} 0.3943\0. 3932-0. 3954 
Depth, i -{0.3930-0. 3950) 0.3943/0. 3934-0. 3951 
Re end to 
center of notch, in. 1.083 1.085 |1.081 -1.089 
Diameter of notch, 
in. 0.079 0.0795|0.0758-0. 0832 
notch to 
of 
0.197 0. 1942/0. 1892-0. 1992 
Deviation from 
squareness, min. --| Bigs speci- 
e 
steel... 4.6 0-19.9 


* Limits that can be expected, with 95 per cent confi- 
dence, to include 90 per cent of specimens. 


blanks were machined and ground to 
final cross-sectional dimensions, after 
which they were cut to length, three 
specimens being obtained from each 
blank. The properly identified specimens 
were then drilled and slotted to form the 
standard Charpy keyhole notch. Speci- 
mens of plate stock had the notch axis 
perpendicular to the original surfaces of 
the plate. Those from bar stock were 
notched so that the slot extended inward 
from one of the original surfaces of the 
bar. Specimens of each of the two grades 
of steel were drilled in random order. 
When the drills became dull, they were 
resharpened and checked for size of hole. 

Dimensions of a random group of ten 
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specimens, five of each grade of steel, 
were checked with the results shown in 
Table IV. We consider these dimensions 
to be satisfactorily uniform and in rea- 
sonable agreement with ASTM require- 
ments. Moreover, the possibility that 
such nonuniformity as was present might 
affect the results of the investigation was 
substantially eliminated by randomiza- 
tion of both specimen preparation and 
allocation to machines. 

A sufficient number of specimens was 
prepared from each bar or section of 
plate so that two could be tested on each 
of the machines. It was thought that these 
specimens might strain-age around the 
notch between the time they were pre- 
pared and the time they were tested, 
and that the elapsed time and hence the 
amount of aging might differ for speci- 
mens tested on different machines. To 
check this possibility, half of the speci- 
mens were artificially aged for 5 hr at 
210 F, whereas the others were allowed 
to age naturally at room temperature for 
the period of one to four months that 
elapsed between preparation and testing. 
It turned out that there was no difference 
between naturally aged and artificially 


aged specimens. 
TESTING PROCEDURE 


From the specimens representing each 
bar or each section of plate, one artifi- 
cially aged specimen and one “unaged” 
specimen, each selected from the group 
in accordance with a table of random 
numbers, were assigned to each machine. 
The 64 specimens thus selected for each 
machine were arranged in random se- 
quence for testing, so that there would be 
no consistent relationship between speci- 
men source and order of testing. 

The temperature of testing was speci- 
fied as 80 + 1 F to avoid the rather siz- 
able difference in impact values that 
might result if tests were made at differ- 
ent temperatures. Data from another 


vw 


=o. 


l- 


source indicate that for the carbon plate 
steel a difference of 10 F in temperature 
of test, in the range used, would result 
in approximately 2 ft-lb difference in 
impact value. The specified test tempera- 
ture is well above the expected transition 
temperature of the steels used and for 
the carbon plate steel corresponded to 


TABLE V.—RESULTS OF MACHINE COMPARISON 
(64 TESTS PER MACHINE). 
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_ mated from the data and expressed as 


Capa- Stan- 
Ma- | city |Vari-| dard| 
chine | Used, | ance }Devi-| value,? ft-lb 
Make I A 263 1.69 | 1.30 | 27.48 + 0.33 
B 235 | 0.86 | 0.93 | 26.07 + 0.24 
Cc 270 | 1.22 | 1.11 | 25.86 + 0.28 
D 238 | 0.62 | 0.79 | 25.15 + 0.20 
E 264 | 0.67 | 0.82 | 25.04 + 0.21 
F 264 | 0.44 | 0.66 | 24.88 + 0.17 
G 228 1.73 | 1.31 | 24.57 + 0.33 
Average 1.03 | 1.02 | 25.58 
Make II H-1 220 | 0.56 | 0.75 | 25.48 + 0.19 
I 108 | 0.62 | 0.79 | 25.44 + 0.20 
- 109 | 0.60 | 0.77 | 25.16 + 0.20 
-2 220 | 0.60 | 0.77 | 25.12 + 0.20 
K 221 | 0.40 | 0.64 | 25.02 + 0.16 
L 110 | 0.86 | 0.93 | 24.49 + 0.24 
M 110 | 0.58 | 0.76 | 24.39 + 0.19 
N 110 | 0.71 | 0.84 | 24.11 + 0.21 
Average 0.62 | 0.79 | 24.90 
Make III 8) 119 | 1.13 | 1.06 | 25.24 + 0.27 
P 121 0.46 | 0.68 | 24.29 + 0.17 
Average 0.79 | 0.89 | 24.77 
Make IV g | 162 0.83 | 0.91 | 25.14 + 0.23 
| 109 0.74 | 0.86 | 24.17 + 0.22 
Ss 119 0.37 | 0.61 | 23.90 + 0.16 
= 110 | 1.25 | 1.12 | 23.59 + 0.29 
Average 0.80 | 0,89 | 24.20 
Grand Average: Charpy impact value........ 24.96 ft-lb 
0.86 
Standard Deviation......... 0.93 


* 95 per cent confidence limits for the average are listed. 


approximately 30 per cent of granular 
fracture area. Fracture of the heat- 
treated 4340 steel was entirely fibrous. 
Most of the specimens were dry when 
tested, but in a few instances they were 
warmed to the desired temperature in 
water and tested while still wet. 

In testing, the indicator was set to 
read zero on the scale after a free swing 
of the pendulum, and the zero position 
was checked frequently during testing. 
Test data were recorded in most in- 


stances to the nearest 0.5 ft-lb, but on a 
few machines the scale could not be read 
closer than 1 ft-lb. Values were reported 
as read from the indicator, without any — | 


correction based on calibration of the 
machines. 
CoMPARISON OF MACHINES ; 
The tests that were made yield infor- 
comparative behavior of impact testing 


mation on two separate aspects of the 
machines of the group investigated. The 
first of these is the relative level of im- 
pact values and the second is the degree 
of consistency, or reproducibility, of the 
various machines. 
The range in average impact values 
for the 20 machines is approximately 4 
ft-lb, as indicated by the data in Table V. 

These impact data are the averages of 

actual test values, without any correc- 

tions based on calibration of the ma- 
chines. The observed averages are, of 
course, subject to some uncertainty as 

are all experimental measurements. The 

extent of this uncertainty can be esti- 


limits within which the “long-range” 


average of a much larger number of 
similar tests can be expected to lie. Such 
predicted long-range limits for the aver- 
age corresponding to each machine are — 
listed in the last column of Table V. These 
limits are based on the probability that. 
they would fail to include the long-range ~ 
average for only one machine out of 
twenty (95 per cent confidence interval). 
It is evident from these limits that the 
relative level for each machine has been 
established within approximately + } ft- 
Ib in the range or 20 to 30 ft-lb covered 
by these tests. 

Because of the close limits within 
which the relative levels of these ma- 
chines have been established, it is pos- 
sible to differentiate between machines 
for which the observed averages differ 
by as little as 0.32 ft-lb. The actual differ- _ 
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ence between any such pair of machines 
can be considered to be the observed 
difference + 0.32 ft-lb. These statements, 
again, are based on the chance that only 
one time in twenty will the conclusion be 


chines are also shown. There are, how- 
ever, minor differences, and a statistical 
‘test was used to determine whether these 
differences are significant. If the differ- 
ences among machines were the same for 


in error. one steel as for another, each of the upper 
Moke 
31 Moke I Moke Moke IZ 


ee 4340 Steel 7 
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Average Both Steels 
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2 o 0 ° ° 
« ° 
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Fic. 1.—Comparison of Machines Based on Averages of All Tests, on Results for 4340, and on 


Results for Structural Carbon Steel. 


The comparisons shown in Table V 
are based on average values for an equal 
number of specimens of two widely differ- 
ent types of steel. The same general 
trends exist for the averages based on 
either type of steel individually, as shown 
in Fig. 1, where the machines are ar- 
ranged in the same order as in Table V 
and the over-all averages for the ma- 


points in Fig. 1 (for 4340 steel) should be 
above the corresponding lower point (for 
the carbon steel) by the same amount, 
within experimental error. It was found 
the the observed differences vary more 
than would be expected from the possible 
errors in measuring the averages. It is 
concluded, therefore, that the relative 
levels of impact values for the different 
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machines may depend on the type of 
steel tested and are not the same in all 
instances when testing a relatively soft 
steel, such as the plate steel used here, as 
when testing a harder, stronger steel, 
such as hardened-and-tempered 4340 
steel. 

Further analysis of the data revealed 
that although the relative impact energy 
levels for different machines are affected 
by differences between the two types of 
steel tested, presumably because of their 
wide differences in properties, other than 
notch toughness, these relative levels are 
not affected by such minor differences 
as exist from heat to heat or within heats 
of the same general type of steel. 

The machines were also found to differ 
in the consistency, or reproducibility, of 
their results as indicated by the values of 
standard deviation listed in Table V. 
These values are a measure of the re- 
producibility of duplicate tests, the ex- 
pected average difference for any pair of 
duplicate specimens being 1.13 times the 
standard deviation given for that ma- 
chine. This expected average difference 
ranges from 0.7 ft-lb for the most con- 
sistent machine (S), to 1.5 ft-lb for the 
least consistent (G). 

The standard deviations in Table V 
include both the variability of the re- 
spective machines from test to test and 
the average variation from specimen to 
specimen within each lot of steel tested. 
Because of the random selection of speci- 
mens and the rather large number of 
pairs tested on each machine, the speci- 
men variability should average nearly 
the same for each set of tests. The stand- 
ard deviation values, therefore, can be 
considered a valid indication of relative 
variability of the individual machines. 
They cannot, however, be used to pre- 
dict the average difference between dupli- 
cate specimens of steels less uniform than 
those used in this investigation. 
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COMPARISON OF MACHINE 
MAKES 


Because the makes of machines differ 
in design and construction, the data were 
examined to see if there are consistent 
differences in results for different makes. 

As indicated in Table V, the observed 
average level is highest ‘or Make I 
machines as a group (25.6 ft-lb) and 
lowest for the Make IV machines (24.2 
ft-lb) with the other makes being inter- 
mediate. Whether such differences are 
generally true for other machines of the 
makes represented is not certain, but 
there is a rather strong probability 
(confidence level of approximately 90 per 
cent) that they are. This suggests that 
there may be some difference in construc- 
tion or design that results in lower values 
when Make IV machines are used than 
when, for example, tests are made using 
machines of Make I. What these differ- 
ences are has nu. yet been established. 

There are also differences in apparent 
level of absorbed energy among the ma- 
chines of any one make, and these differ- 
ences are greater than the differences in 
average level from one make to another. 
Of the three makes for which several 
machines are represented, the greatest 
variation is in the group of Make - 
machines and the least variation is in 
those of Make II. 

The degree of reproducibility of testing 
is poorest for the Make I machines as a 
group (average standard deviation 1.02) 
and is best for the Make II machines 
(average standard deviation 0.79). The 
Make I machines also have the widest 
range of reproducibility, values of stand- 
ard deviation extending from 0.66 to 
1.31, whereas the machines of Make II 
are the most consistent in this respect, 
values of standard deviation for these 
machines ranging from 0.64 to 0.93. 


4 
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CORRECTIONS BASED ON CALIBRATION 
OF MACHINES 


Some of the variation in relative level 
of impact energy observed in this investi- 
gation may be due to errors in the energy 
values that were indicated by the ma- 
chines. Accurate calibration of the ma- 
chines would, of course, eliminate this 
source of variation. It is doubtful, how- 
ever, that methods of calibration now 
commonly used are sufficiently accurate 


pendulum, measured as described in 
ASTM Tentative Methods E 23 - 47 T, 
and the elevation of the middle of the 
striking edge above the lowest point of 
swing. When, as in this investigation, 
the energy absorbed in a test is only a 
small portion of the total scale range, the 
total friction and windage losses should 
be only slightly less in a test than in a 
free swing, and the difference can be 
neglected. The energy absorbed by the 
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Fic. 2.—Observed Averages for Machines Corrected on Basis of Reported Calibrations. 


to detect small errors in measuring the 
amount of energy absorbed in breaking 
a specimen. 

Despite limitations, and some degree 
of ambiguity, in established calibration 
procedure, an effort was made to cali- 
brate each of the machines used in this 
investigation. With the indicator first set 
to read zero on a free swing under the 
same conditions as used in testing, the 
potential energy of the pendulum was 
determined at several positions cor- 
responding to known scale readings. 
These potential energy values were com- 
puted from the calibration weight of the 


specimen in a test then becomes the 
difference in potential energy of the 
pendulum at the two positions cor- 
responding, respectively, to zero and to 
the observed value on the scale. 

As a basis for computing such differ- 
ences, the potential energy measure- 
ments made at 4 to 10 scale positions for 
each machine were used to calculate a 
‘best” straight line for that machine by 
established statistical methods. In view 
of possible slight departures from lin- 
earity of scale and magnitude of the 
possible experimental errors in measure- 
ment of pendulum weight and height, it 
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is doubtful whether the machine cali- 
brations that were determined, in this 
manner can be considered accurate to 
better than +0.5 ft-lb at the 25 ft-lb 
energy level. 

The averages for all of the machines, 
corrected on the basis of the calibration 
just described, are shown in Fig. 2. The 
corrections are small for most machines 
and they do not improve the uniformity 


TABLE VI.—CORRELATION BY RANK BE- 
TWEEN DEFORMATION OF SPECIMENS BY 
ANVILS AND TOTAL ABSORBED ENERGY (STRUC- 

TURAL CARBON STEEL). 


Rank with Respect Relative 

to Total Energy Order of 

Machine Absorbed Specimen 
(Highest listed Deformation 
first) (Highest = 1) 


(24.38 ft-lb) 


Ane 


co 
ann 
Crane 


20 
21 (21.17 ft-lb) 10 


of the results. The corrections do change 
the relative order of the machines in some 
instances, but it is not known whether 
these changes are significant. 


EFFECT OF TESTING VARIABLES 


A limited number of observations or 
tests were made to investi~ate the pos- 
sible effect that differences in condition 
of the machines or their method of opera- 
tion may have had on the average 
Charpy energy level obtained. These in- 
cluded an examination of the amount of 
deformation of the specimens by the 
anvils, the effect of anvil radius, the ef- 


fect of machine capacity, and the effect 


of the automatic brake on some of the 
machines of Make LL 


Considerable difference was noted in 
depth of anvil impressions in specimens 
tested on different machines. To deter- 
mine whether the amount of such de- 
formation correlated with total energy 
absorbed, a representative specimen of 
structural carbon steel tested on each 
machine was compared with correspond- 
ing specimens from each of the other 
machines by each of six observers. Based 
on these ratings, which agreed fairly 
well, it was possible to rank the ma- 
chines in relative order of the amount of 
deformation produced and to compare 
this order with that of the average indi- 
cated energy values for the same grade of 
steel. The resulting rankings, presented 
in Table VI, indicate a definite trend in 
the direction of greater absorbed energy 
for the more severely deformed speci- 
mens. Statistical analysis of these data 
indicated a highly significant correlation 
(probability of chance occurrence less 
than 0.01). 

The amount of deformation of these 
specimens did not appear to be closely 
related to the reported values of anvil 
radius given in Table I. These values, 
however, represent a single measurement 
made on a wax impression of each anvil 
and do not necessarily represent the ex- 
treme variations. 


Radius of Anvils and Striker: 


Included in the data of Table V are the 
results of two sets of tests made on 
Machine H, both with new anvils and 
striker edges. In one set of tests (H-1), 
anvils having a 1-mm radius and a strik- 
ing edge with a radius of 8 mm and a 
width of 4-mm, both as specified in 
Methods E 23 - 47 T, were used. In the 
other set of tests (H-2), an edge radius — 
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of 2-mm was used for both anvils and 
striking edge, in accordance with usual 
practice for this machine. The results of 
this second set of tests averaged 0.36 
ft-lb (0.36 + 0.32 ft-lb) lower than the 
first set. Although only one machine was 
used in this comparison, the results indi- 
cate that when the anvils and machine 
are in good condition a considerable vari- 
ation in edge-radius of the anvils and in 
contour of the striking edge can be ex- 
pected to have only a slight effect on test 
results in the range of 20 to 30 ft-lb. 


Capacity Effect: 


The machines of Make I, which as a 
group were highest in energy level, were 
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pacity was found. Of the four machines 
of Make I, two appear to have a signifi- 
cantly higher average impact level when 
used at high capacity than at low, but 
only for the 4340 steel, as shown in Table 
VII. Because of limited data, the differ- 
ences for the Make IV machines were 
not broken down by steels. For these 
machines, no definite effect of capacity 
was found (Table VIII). 

It is evident from these results that 
more data are needed before any final 
conclusions can be drawn regarding the 
effect of machine capacity. It is equally 
evident that if such conclusions are to be 
at all general in their application, tests 
must be made on a number of machines 


TABLE VII.—ESTIMATED CAPACITY EFFECT, MAKE I.* 


4340 Steel Carbon Plate Steel 
Machine 
High Low High Low 
Capacity | Capacity Difference Capacity | Capacity Difference 

32.25 2.25 + 1.41 24.50 24.50 0.0 + 1.41 
SE ee = 25 24.62 0.63 + 1.41 19.75 20.38 —0.63 + 1.41 
nccéneveivicsnencacnata 28.13 2.75 + 1.41 23.50 23.38 0.12 + 1.41 
a ere 26. 50 6.88 —0.38 + 1.41 22.00 22.25 —0.25 + 1.41 


® Each entry, in ft-lb, is average of 4 observations. 


used at high capacity and most of the 
machines of Make IV, which were the 
lowest group, were, with one exception, 
used at a considerably lower capacity 
level. This led to an exploratory test to 
determine whether, for each of these 
groups, a change in the capacity of the 
machines would affect the results. In 
these tests four of the Make I machines 
were used at two capacity levels, nom- 
inally 264 ft-lb and 120 ft-lb. These ma- 
chines were also compared with and with- 
out brakes, as described later. In these 
tests a total of 16 specimens were broken 
on each machine. The four machines of 
Make IV were compared at two lower 
capacity levels, approximately 120 and 
45 ft-lb. In these tests 12 specimens in 
all were broken on each machine. 

No consistent effect of machine ca- 


TABLE VIII.—ESTIMATED CAPACITY EFFECT, 
MAKE Iv.* 


High Low Difference with 

Machine Capa- | Capa- 0.95 Confidence 
city city Limits 

g Sramiaaaadereteiehl 29.67 31.00 —1.33 + 1.45 

Cioieca 23.38 23.04 0.34 + 1.45 

Ee 25.95 24.75 1.20 + 1.45 

24.38 24.50 0.12 + 1.45 


* Each entry, in ft-lb, is average of 6 observations. 


and different types of steel must be 
included to encompass a range of hard- 
ness and impact energy levels. 


Effect of Automatic Brake: 


To determine whether the larger range 
in level of impact values for the Make I 
machines and their lower average re- 
producibility were associated with the 
automatic brake with which some of 
these machines are equipped, tests were 
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made on four machines with and without 
the brake in operation. These were the 
same tests that were used to investigate 
the effect of capacity, the tests being 
balanced with respect to these two vari- 
ables. On each of the four machines used, 
eight specimens were broken with the 
brake in operation and eight with the 
brake removed. For each condition, the 
scale was adjusted to read zero on a free 
swing of the pendulum, or the reading 
was corrected for displacement of the 
zero. As indicated by the values for brake 
loss in Table I, considerable adjustment 
was required in some instances. 


TABLE [X.—EFFECT OF AUTOMATIC BRAKE, 
MAKE I. 


Machine ott, Difference, ft-lb 
27.4 28.3 0.9 + 1.0 
RE 22.6 22.4 —0.2 + 1.0 
SES ae 26.4 26.6 0.2 + 1.0 
24.4 24.4 


@ Each value given is average of 8 specimens. 


For these conditions, no significant 
difference was found between the results 
of tests made with the brake and those 
made without the brake. The level of 
impact values was the same in both 
instances, within the precision of the 
measurements, as indicated in Table IX. 
This was true for both steels and for all 
four machines. Reproducibility of testing 
under the two sets of conditions also was 
essentially alike, the standard deviation 
being 0.90 with brake and 1.08 without 
brake. These values correspond to ex- 
pected average differences between dupli- 
cate specimens of 1.02 ft-lb and 1.21 ft-lb, 
respectively. 


SUMMARY 


From the results of this comparison of 
machines, using keyhole-notch specimens 
and restricted to tests in the 20 to 30 
ft-lb range and at approximately room 
temperature, the following conclusions 
may be drawn: 


= 
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1. Averages of observed impact values 
for the 20 machines investigated differ by 
a maximum of approximately 4 ft-lb. 
Many of the machines differ by a smaller, 
but statistically significant, amount, 
differences greater than 0.32 ft-lb in the 
average of 64 tests on each machine 
being considered significant. 

2. There are variations in impact 
energy level among the machines of 
each make and also in average level for 
the different makes, Make I being highest 
and Make IV lowest. 

3. Although the general order of im- 
pact energy level for the machines is the | 
same for structural carbon steel as for — 
harder and stronger 4340, there are 
minor differences in relative order for 
the two grades that are statistically sig- 
nificant. 

4. There are statistically significant 
differences among the machines in pre- 
cision or reproducibility of results. 7 

5. Similarly, there are significant dif- 
ferences in average reproducibility of 


results among the makes, Make I ma- ¢ 
chines, in general, giving the least re- 
producible results and the machines of 5 


Make II the most reproducible results. | 

6. The application of corrections based ‘ 
on calibration of the machines does not — 
reduce the variation in impact energy — 
level among machines. It does change 
the relative order of the machines in some 
instances, but these changes in order may 
not be significant. 

7. One apparent cause of differences 
in relative energy level among machines ty 
is the amount of specimen deformation 
produced by the anvils, the indicated ; 
energy levels being generally higher for . 
the machines that caused the most severe 
deformation. 

8. Based on tests on only one machine, — 
use of anvils and striker as specified in 
ASTM Methods E 23-47 T gives re- 
sults that are only slightly higher than 
when 2-mm edge radius anvils and striker 
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are used, the difference being 0.36 + 
0.32 ft-lb. 

9. There is some indicatien that the 
capacity range used may, in some in- 
stances, affect the energy level, but more 
_ data are needed before definite conclu- 
sions can be drawn. 

10. No evidence was found in these 
tests that use of the automatic brake on 
one make of machines affects the results. 


(1) N. A. Kahn and E. A. Imbembo, “‘Repro- 
ducibility of the Single-Blow Charpy 
Notched-Bar Test,” ASTM Buttetin, No. 
146, May, 1947, p. 66. 

(2) Metallurgical and Research Committee, 
Forging’ Manufacturers Assn., “How Ac- 
curate is the Impact Test?” Metal Progress, 
Vol. 60, Dec., 1950, pp. 69-71, 176. 
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Under the conditions used in these tests, 
the effect, if present, must be small. . 
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DISCUSSION 


Mr. H. L. Fry.'—I would like to con- 
gratulate the authors of this paper on the 
very carefully planned and executed 
piece of work, one that I think is con- 
cisely and well reported. 

It is quite apparent from the paper 
that the variability among the machines 
is real. It cannot be accounted for on the 
basis of specimen preparation or any of 
the other factors that are usually held to 
account for this type of variability. At 
first sight the amount of variability does 
not seem extreme, but it should be noted 
that the maximum variation of 4 ft-lb 
from the highest to the lowest machine 
actually amounts to about 16 per cent of 
the average of all the machines. That 
seems to me to be rather more than the 
variability to be expected in any kind of 
precision test. 

Of course, it might be pointed out that 
the amount of variability will be im- 
portant only in borderline cases, but in 
the business of making acceptance tests, 
we who have to do this are living on the 
borderline all the time, because of the 
fact that people who write specifications 
for materials generally tend to ask for 
as much as possible from a material—in 
some cases a little more. 

I was interested in the comparison of 
the amount of deformation of the speci- 
mens with the general order of magnitude 
of the impact results, and it seems to me 
that the findings there suggest that the 
amount of energy used in deforming the 
ends of the specimen may be larger than 
we think. It may be actually on the same 
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general order of magnitude as the amount 
of energy required to fracture the speci- 
mens—at this level, at least. I feel that 
future research should try to develop the 
reasons for this variability and should 
make some attempt to account for the 
absorbed energy—that is, the energy ab- 
sorbed from the pendulum in the various 
ways in which it is absorbed—and try 
to get an idea of how much is going into 
the fracture of the specimen and how 
much is going into extraneous work. I 
feel that along that line we can eventually 
arrive at some answer to the entire 
problem. 

Mr. Noau A. Kaun.2—I would like 
to call the authors’ attention to an ob- 
servation which we made in connection 
with a study of the reproducibility of 
the Charpy notched-bar test involving 
twelve laboratories. While the reproduci- 
bility obtained at relatively high energy 
levels was adequate, the reproducibility 
of some machines was poor when testing 
specimens of low energy absorption cor- 
responding to a predominantly brittle be- 
havior with energy values of under 10 ft- 
Ib. This, in part, was due to a tendency for 
the broken halves of the specimen to jam 
in the testing machine. It would be very 
interesting and informative if the authors 
initiated a supplementary investigation 
involving a study of impact testing ma- 
chines in connection with a material and 
test conditions which would result in an 
energy absorption in the range of ap- 
proximately 3 to 12-ft lb. Such a study is 
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considered important and timely in view 
of the increased emphasis which is being 
placed on transition temperature defini- 
tion based on energy levels under 20 ft-lb. 
Consideration should be given to the 
inclusion of the V-notch Charpy speci- 
men as well. 

Mr. Davin E. Driscott (by letter).— 
The authors are to be congratulated on 
their manner of selecting two steels with 
the same energy values but differing 
widely in hardness, tensile properties, 
and microstructure, and also on the care 
used in heat treatment and machining of 
specimens; but the results would have 
been more convincing if a greater per- 
centage of the specimens had received a 
dimensional check and the actual spread 
in results obtained were recorded in addi- 
tion to the average. Table IV of the 
paper shows that in checking only 10 of 
the 1280 specimens, the average depth 
below the notch is 0.1942 in. One then 
wonders what the actual spread was and 
what the spread would have been if a 
greater percentage had been checked. To 
say that the dimensions were satisfac- 
torily uniform and in reasonable agree- 
ment with ASTM standards is not borne 
out by the results obtained. 

In the summary the authors state that 
differences greater than 0.32 ft-lb in the 
average of 64 tests are significant, yet the 
text states that (a) it is doubtful whether 
the machine calibrations could be con- 
sidered accurate to better than +0.5 ft-lb 
and that (6) test data were recorded in 
most cases to the nearest 0.5 ft-lb, but 
in some cases could not be read closer 
than 1.0 ft-lb. 

Taking into consideration the fact that 
these machines have not been calibrated 
or thoroughly checked, I wonder if the 
authors realize how well these machines 
have checked. If the high machine and 
the two low machines in Fig. 1 (4340 
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steel) are eliminated, the remaining 18 
machines show a spread of +1.4 ft-lb or 
+5.0 per cent. Tension testing machines 
are considered very reliable, but I doubt 
if the tension test results obtainable on 
machines in eighteen different plants 
would produce results as uniform. 

Mr. G. C. RriEcEL‘ (by letter).—Indus- 
try owes a vote of thanks to the authors 
for the light which they have shed on the 
moot question of the calibration of the 
so-called impact testing machines for 
breaking notched bars. 

Outside of differences in geometry of 
specimens, particularly the variations in 
acuity of notches, the greatest variable 
between specimens has been the physical 
nonhomogeneity of the material tested. 
The authors have taken considerable 
pains to select their materials but failed 
to show by photomicrographs what dif- 
ferences may have existed around the 
notches of the specimens which had the 
greatest scatter. 

It is our opinion that hot-rolled, nor- 
malized, low-carbon steel is subject to 
considerable nonuniformity in the dis- 
tribution of ferrite and pearlite. Such was 
evident in the report of N. A. Kahn and 
E. A. Imbembo to which the present 
authors made reference. It is a factor of 
too great importance to be dismissed 
lightly. 

While the quenched-and-tempered 
constructional alloy steels are not as sub- 
ject to heterogeneous physical conditions 
as are the ferrite-rich, low-carbon steels, 
especially the ‘“non-killed” types, yet 
“banding” or ferrite streaks in the 
nickel-rich steels are frequently en- 
countered. The inception of the notch 
fracture in a ferrite band gives a different 
propagation than in a carbide-rich band. 
Fracture initiation at the root of a notch 
in a specimen which has been carburized 
a few tenths of a thousandth during hard- 
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ening and tempered at less than 450 F 
will, on No. 2345 or No. 4340 reduce the 
ft-lb values from an average of 16.0 to an 
average of 3.0. 

Nonuniformity as measured by hard- 
ness is a very significant factor and 
should not be permitted to spread with 
any greater latitude on specimens used 
for calibration of impact testing machines 
than one would permit for calibrating 
hardness testing machines. There can be 
easily as much as 8.0 ft-lb difference in 
energy absorption between 36.0 and 41.0 
Rockwell C hardness on the No. 4340 
specimens described by the authors. A 
similar statement may be made with 
respect to the Rockwell B scale hardness. 

Strength, which resists the deforma- 
tion of bending when a notched-bar 
specimen is broken by impact, registers 
its contribution to the energy values ab- 
sorbed by significant amounts until 
brittleness becomes dominant. Strength, 
which is most readily measured by in- 
dentation-hardness, must be uniform in 
material used for calibration purposes. 

The variability of different machines in 
producing scatter of energy values on 
uniform material is clearly brought out 
by the authors and is one of the worst 
faults of this type of testing machine. 

It would be a valuable contribution to 
industry if the National Bureau of Stand- 
ards would evaluate and publish the 
factors of accuracy which must be ful- 
filled by impact machines for reproduci- 
bility and calibration for this type of 
testing. The differences in test machines 
should never be so great that the differ- 
ences in tests results could isolate them. 
We should certainly condemn tension 
testing machines if they behaved so 
poorly. 

Messrs. R. L. Rickett, W. B. SEENS, 
R. W. VANDERBECK, C. DANIEL, AND 
R. Roetorrs (authors’ closure).—We 
agree with Mr. Fry that the variation in 
machines, although small, is greater in 


a few instances than may sometimes be 
desirable. We plan to continue our efforts 
to find the cause of the observed differ- 
ences, and if possible to reduce them. As 
mentioned by Mr. Fry, our results indi- 
cate that the energy used in deforming 
the specimen where it makes contact 
with the anvil edges may be one cause of 
variation among machines. As yet, how- 
ever, we have no information on the 
amount of energy thus absorbed. Some 
of the machines used in our investigation 
produced very little deformation of this 
kind, but the impact energy values were 
only slightly lower than for machines 
that produced much more severe defor- 
mation. Because of this, we doubt very 
much that the energy absorbed in de- 
formation of the specimens by the anvils 
was of the same order of magnitude as 
that required to break the specimen, as 
suggested by Mr. Fry. 

The testing of predominantly brittle 
specimens as advocated by Mr. Kahn 
was not included in our investigation be- 
cause we felt that the actual energy levels 
reported in such instances would be of 
little interest or value except in very 
specialized applications. It is true that 
the likelihood of jamming might be in- 
creased, but we believe that when serious 
jamming occurs it can be recognized and 
the results of such tests discarded. Key- 
hole-notch energy values in the range 
10-20 ft-lb are of definite interest but 
often are within the “transition range,” 
in which case they are likely to be so 
variable that a very large number of 
specimens must be tested if differences 
among machines are to be detected. If 
only a small number of specimens are 
tested, apparent differences in machines 
may be due only to chance variations in 
the specimens themselves. In fact, we 
wonder whether the poor reproducibility 
mentioned by Mr. Kahn was not actually 
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results when testing keyhole Charpy 
specimens within the transition range. 
In additional tests that are planned 
we do expect to include V-notch Charpy 
specimens as suggested by Mr. Kahn. 

The specimen dimensions, mentioned 
by Mr. Driscoll, were checked only as a 
matter of record. Although only 10 ran- 
domly selected specimens were measured, 
it is possible to estimate from these meas- 
urements the variation to be expected in 
the entire lot of over 1300 specimens 
tested. The limits thus computed are, 
however, somewhat broader than would 
probably be found if a larger number of 
specimens was measured. Whether or not 
the estimated ranges, which are included 
in Table IV of the paper, are satisfacto- 
rily in agreement with ASTM standards 
is largely a matter of opinion because 
limits are specified for only a few of the 
dimensions. 

In planning the tests, precautions were 
taken to minimize the effect of such vari- 
ations as those in specimen dimensions 
mentioned by Mr. Driscoll and in hard- 
ness and microstructure mentioned by 
Mr. Riegel. Each lot of material tested 
was chosen so as to be reasonably uni- 
form, and specimens from each lot were 
tested on each machine. All specimens 
were prepared in a single shop in random 
sequence, and those from each lot were 
assigned to the several machines in ac- 
cordance with accepted statistical pro- 
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cedure. In view of these precautions, we 
believe that each group of 64 specimens 
was, as a whole, nearly identical with 
any other group even though there were 
undoubtedly differences among corre- 
sponding specimens in the various 
groups. The relatively small average 
difference between duplicate specimens 
indicates that the effect of variation in 
material and method of preparation 
must have been small. 

Mr. Driscoll implies that the signifi- 
cance of small differences in averages of 
sets of 64 tests is questionable because 
the machines could not be read more 
closely than 0.5 or 1.0 ft-lb. He overlooks 
the fact that these average values are 
much more precise than the individual 
measurements. The machines were cali- 
brated, but as stated in the paper we are 
not certain that there were no errors in 
the calibration. Such errors, if present, 
may be responsible for some of the ap- 
parent differences among machines. 

We cannot agree with Mr. Driscoll’s 
statement that if a similar careful com- 
parison were made of tension testing 
machines the results would differ by as 
much as +5 per cent. 

We greatly appreciate all of the com- 
ments that have been offered and hope 
that all those interested in this field will 
join in an attempt to resolve the many 
questions that still have not been an- 
swered. 


. DELAYED YIELDING IN ANNEALED LOW-CARBON STEEL 


UNDER COMPRESSION IMPACT* 


By J. E. Jonnson,' D. S. Woop,' anp D. S. Crarx! 


SYNOPSIS 


The delay time for the initiation of yielding in an annealed low-carbon 
steel is investigated experimentally under longitudinal compression impact. 
Delay times in the range from 40 microseconds to 1.5 milliseconds are de- 
termined as a function of the initial impact stress at temperatures of 73, 
150, and 250 F. The stress versus delay time relation at 73 F is found to 
be in good agreement with an extrapolation from previous data at longer 
delay times and lower stresses obtained by rapid-load tension tests on the 


same material. 


with the initial impact stress. 


Previous investigation (1,2)? has 
shown that the delay times for the 
initiation of yielding in an annealed 
mild steel depends upon the applied 
stress and temperature. Heretofore, 
specimens were subjected to a rapidly 
applied constant tensile stress in which 
the stress rise time (5 to 10 milliseconds) 
was small compared to the total time 
duration of the test. The purpose of the 
present experiment is to measure delay 
times of less than 5 milliseconds as a 
function of stress and temperature. 

An experimental method has now been 
developed by which delay times of less 
than 5 milliseconds can be detected. The 
technique used to accomplish this is as 
follows: A constant compression stress 
is applied to one end of a long cylindrical 
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The initiation of yielding is found to be accompanied by a 
decrease in stress, the magnitude of which does not vary systematically 


stationary anvil bar of the same diameter 


> 


specimen by longitudinal impact with a 
heat-treated bar which remains elastic 
during the test. The compression stress 
is maintained at the end of the specimen 
for a period of time corresponding to the 
time for an elastic wave to propagate 
twice the length of the heat-treated bar. 
If yielding occurs before this time, 
plastic deformation is initiated at the 
impacted end of the specimen, resulting 
in a decrease of stress. Thus, a delay 
time of less than the time required for 
an elastic wave to travel twice the length 
of the heat-treated bar can be deter- 


EXPERIMENTAL METHOD 


The experimental method used in this 
investigation is shown schematically in 
Fig. 1. A free cylindrical bar, A, travel- 
ing with a velocity, Vo, impacts a 


consisting of four sections, B, C, D, and 
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E. One end of section E rests on a fixed 
base. Joints between B, C, D, and E are 
lapped plane so that longitudinal com- 
pression waves are transmitted without 
disturbance. The yield strength of bars 
A, B, and D is higher than the stress 
imposed by the impact; hence, these 
bars behave elastically during the test. 


| 
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Fic. 1.—Schematic Diagram of Experimental 
Method. 


The bar C is the test specimen, whose 
upper yield stress is exceeded during 
impact. Bar E is a material with a 
very low yield strength and serves to 
absorb most of the impact energy by 
plastic deformation. 

Bar A moving with a velocity Vo 
strikes bar B, and elastic compression 
waves of equal magnitude are propagated 
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through each bar. The magnitude of 
these waves is determined by satisfying 
the continuity of stress and particle 
velocity at the interface A-B and is 
given by: 


PACA PBCB 


where: 

o = the impact stress, 

p = the mass density of the material, 
c = the velucity of propagation, and 
subscripts refer to the particular bar. 
One compression wave travels through 
the bar A and reflects from the free 
surface as a tension wave of equal magni- 
tude. The other compression wave travels 
through B, C, and D as though the bars 
were continuous, since the values of 
p and ¢ are the same for each bar. When 
this wave reaches section £, plastic 
deformation is initiated in E because of 
the lower yield strength. The length of 
bar A is made less than the total length 
of B, C, and D; hence, the time required 
for the first reflection wave from E to 
reach the interface B-C is greater than 
the time required for the reflecting wave 
in bar A to reach the interface B-C. 
Thus, the interface B-C is always un- 
loaded by the tension wave in bar A; 
consequently, all complex reflections 
from bar E need not be considered. 

At a later time after impact, cor- 
responding to the delay time for the 
material, plastic deformation is initiated 
in the specimen at the interface B-C. 
This yielding is accompanied by a 
decrease in stress, giving rise to a ten- 
sion unloading wave of low stress. 

The stress-time relation in the speci- 
men can be determined by experimental 
means; hence, the initial stress, the drop 
in stress due to yielding, and the delay 
time can be measured. The strain-time 
relation can also be determined in a 
similar manner in which the initial 
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Fic. 2.—Section Drawing of Impact Machine. 
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elastic strain and the delay time can 
be measured. 


EQUIPMENT 
Vertical Impact Machine: 


The tests were made with a vertical 
impact machine, a section drawing of 
which is shown in Fig. 2. A guard tube 
is held vertically in a central position 
between the rails of the machine by 
means of an expendable spacer. The 
anvil bar sections shown in Fig. 1 are 
placed within the guard tube and cen- 
trally located by means of sleeves. Since 
some misalignment between the anvil 
bar sections and the striking bar will 
occur, the top end of section B is pro- 
vided with a convex spherical surface, 
having a 19 in. radius, to prevent initial 
impact with the corner of the bar. 

The hammer, which slides on the two 
vertical rails, is provided with a central 
hole through which the guard tube 
passes. Twenty rubber bands #{ in. 
thick and 1 in. wide, attached to the 
hammer and the frame of the machine, 
serve as a means for accelerating the 
hammer to the desired impact velocity. 
The hammer is raised by a lifting mecha- 
nism to a height at which the extension 
of the rubber bands will give the desired 
velocity. The bar A is held centrally in 
the hammer by means of a shear disk 
shrunk onto the bar and clamped in the 
hammer. The shear disk strikes the top 
of the guard tube just prior to the 
impact of bar A on bar B in such a 
manner that bar A is released from the 
shear disk and impacts bar B without 
disturbance from the shear disk. The 
shear disk fails along a circumferential 
groove whose diameter is slightly larger 
than the guard tube. This allows the 
hammer to continue downward, passing 
around the guard tube. It is decelerated 
by means of four vertical friction brakes. 


{ 


Tests above room temperature are 
performed by placing a split tube heater 
containing ten furnace elements along 
the bars B, C, and D. The guard tube, 
specimen, and anvil bar sections are 
heated to the desired test temperature. 
The heater is removed just before the 
test to prevent obstruction of the ham- 
mer motion. 


Recording System: 


The velocity of the hammer is de- 
termined by measuring the time to 
travel between three fixed points near 
the position of impact. As the hammer 
passes each of the fixed points, it closes 
an electric circuit, causing a discon- 
tinuity in the sweep on an oscilloscope 
screen. A timing trace from an audio- 
oscillator is also placed on the screen of 
the oscilloscope. The oscilloscope screen 
is photographed and the number of 
cycles between the discontinuities is 
counted, thus giving the time required 
for the hammer to travel the known 
distance between contact points. 

The strain in the specimen is measured 
as a function of time during impact 
with the use of SR-4 resistance-sensitive 
wire strain gages cemented to the speci- 
men. The strain gage for measuring 
strain versus time is connected in a 
voltage dividing circuit which is 
energized by batteries. Means for intro- 
ducing known resistance changes are 
provided in the circuit for calibration of 
the records. The strain is recorded by a 
suitable cathode-ray oscilloscope system 
employing a single sweep, linear time 
base. 

The response of the recording system 
is determined by impressing a 5000 cps 
square wave having a rise time of less 
than 3 microsecond on the strain gage 
circuit and recording in the usual man- 
ner. The rise time of this square wave 
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on the oscilloscope screen is 40 micro- 
seconds. This minimum rise time of 
the recording system imposes a lower 
limit on the delay times which can be 
measured. 

The temperature of the specimen in 
the tests at elevated temperatures is 
determined at each end and the center 
by means of three copper-constantan 
thermocouples and a Leeds & Northrup 
portable potentiometer with suitable 
switching arrangements for the various 
thermocouples. The heaters are con- 
trolled by a Leeds & Northrup Micromax 
controller in conjunction with a thermo- 
couple placed on the outer surface of the 
guard tube. The outer surface of the 
guard tube is maintained at a different 
temperature than that of the specimen. 
This temperature is adjusted to produce 
the desired specimen temperature. This 
provides a better means of controlling 
the specimen temperature within the 
desired range than can be obtained by 
placing the controlling thermocouple on 
the specimen. 

The tests at elevated temperatures 
are performed by heating the guard tube 
and specimen to a temperature higher 
than the desired temperature. When the 
heaters are removed before the test in 
order to prevent obstruction of the 
hammer motion, the specimen tempera- 
ture decreases at a rate of 2 F per min, 
and the hammer is released when the 
desired temperature is reached. In this 
manner, the specimen temperature at 
impact is maintained to within + 2F 
of the desired temperature. The tempera- 
ture gradient from the top to the middle 
of the specimen is less than 3 F, and the 
temperature gradient from the middle to 
the bottom of the specimen is less than 
20 F. Since plastic deformation occurs 
only in the top 2 in. of the specimen, the 
temperature gradient can be neglected. 


MATERIAL TESTED AND TEST SPECIMENS 


The specimens used in this investiga- 
tion were machined from §-in. diameter, 
hot-rolled bars from a single billet of 
Heat No. 32882, Columbia Steel Co., 
Torrance, Calif. The analysis as given 
by the mill is as follows: 


0.17 per cent 
0.017 per cent 


The material is the same as that used 
in a previous investigation (2). 
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Fic. 3.—Static Stress versus Strain, 73 F. 


The test specimens were centerless 
ground to a diameter of 0.5000 + 0.0005 
in. over their length of 48 in., and the 
ends were ground plane. After grinding, 
the specimens were annealed in a con- 
trolled atmosphere, neutral packed at 
1600 F for 1 hr, and furnace cooled to 
room temperature. The ends of the 
specimens were lapped perpendicular to 
the longitudinal axis after heat treatment 
to assure uniform contact with the anvil 
sections and thus prevent wave reflec- 
tions from the contact surfaces. Shorter 
test specimens were cut from the longer 
specimens and lapped to a specimen 


length of 113 in. 
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Static Tension Tests: 


Two static tension tests were made 
at 73 F. The static stress-strain relations 
for strains up to 5 per cent are shown 
in Fig. 3. Specimens for these tests were 
of the same type used in a previous in- 
vestigation (2) and were machined from 
impact specimens chosen at random. The 
procedure of this previous investiga- 
tion was followed. The tests were per- 
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Fic. 4.—Tracing of a Record of Strain versus 

Time 2} in. from End of Specimen Tested at 
73 F. 


formed on a 150,000-Ib Olsen Universal 
Testing Machine having a least reading 
of 1 lb (corresponding to a stress of 19 
psi in the gage section). The machine 
was recently calibrated and showed an 
error of less than 0.75 per cent. A 
comparison was made between the 
static stress-strain curves obtained in 
this investigation and the curves ob- 
tained in a previous investigation (2). 
The comparison indicates that the stress- 
strain relations of the specimens used 
in both investigations are the same. 
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Determination of the Velocities of Elastic 
Waves: 


The velocities of elastic waves in the 
specimen, anvil bar sections, and striking 
bar were determined by measuring the 
resonance frequency of the bars in longi- 
tudinal vibration. The bar or specimen 
was rigidly clamped at its quarter points, 
which were the nodes for the second 
mode of vibration. A permanent magnet 
loudspeaker was placed at each end of 
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Fic. 5.—Tracing of a Record of Strain versus 


~ ve in. from End of Specimen Tested at 
F. 


the bar with the moving coil cemented 
to the end of the bar. One of the loud- 
speakers was driven by an audio-oscil- 
lator, while the other loudspeaker was 
used as a pickup whose output was 
displayed on an oscilloscope screen. The 
resonance frequency of the bar in 
longitudinal vibration corresponded to 
the maximum amplitude of the detector 
signal on the oscilloscope screen. 

The velocity of propagation of the 


elastic wave cois: 
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where: 

f =the resonance frequency of longi- 
tudinal vibration, 

1 = the length of the test bar, and 

n = the mode of longitudinal vibration. 

Young’s modulus is also computed from: 


where p is the mass density of the ma- 
terial. 

The average velocity of elastic waves 
in the test material, obtained from six 
tests, is 16,900 ft per sec. The average 
velocity of elastic waves in the striking 
bar and anvil bar sections, obtained from 
two tests, is 16,700 ft per sec. The 
deviation of values of elastic wave 
velocities from the mean value is less 
than 0.4 per cent. It is estimated that 
the accuracy in the determination of 
elastic wave velocities is within +0.6 
per cent. 

Young’s modulus of each material is 
computed from Eq 3, using p equal to 
7.34 lb sec? per in. Young’s modulus of 
the test material is 30.3 X 10° psi, and 
the modulus of the anvil bar sections is 
29.6 X 10® psi. 


Compression Impact Tests: 


A series of tests was made at each of 
three temperatures, 73 F, 150 F, and 
250 F. Impact velocities were chosen to 
obtain a uniform distribution of test 
points in the plot of delay time versus 
stress. The minimum value of delay 
time which could be determined was 
limited by the rise time of the oscillo- 
scope. Since the stress at the end of the 
specimen is maintained for only a limited 
time in these tests, the delay times which 
can be measured are necessarily less 
than this time limit. This limit was the 
time for an elastic wave to travel twice 
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the length of the striking bar. However, 
the limit could be extended by perform- 
ing repeated impacts on the same speci- 
men until yielding occurred. A previous 
investigation (3) has shown that a 
specimen yields when the cumulative 
time at stress is approximately equal to 
the normal delay time, provided the 
aging period between impacts is shorter 
than the critical recovery time. This 
method could be used only at 73 F. 

The strain in the specimen was meas- 
ured as a function of time at either one 
of two positions along the specimen. In 
some tests, the strain was measured 2} in. 
below the top end of the specimen, a 
position at which only elastic strain 
occurred. From these measurements, the 
decrease in stress due to yielding and 
the delay time could be determined. In 
some tests, the strain was measured ;; 
in. below the top end of the specimen. 
The latter measurements provided a 
better means for determining the delay 
time than the former. 

A tracing of a record of strain versus 
time for a position 2} in. from the end of 
the specimen tested at 73 F is shown in 
Fig. 4. This record shows that the strain 
in the specimen at this position remains 
elastic, since the trace deflection returns 
to zero at the end of the record. The 
record also shows the decrease in strain 
associated with the unloading wave 
which accompanies yielding. 

A tracing of a record of strain versus 
time for a position 7 in. from the end 
of the specimen tested at 73 F is shown 
in Fig. 5. This is similar to the strain- 
time records obtained from the rapid- 
load tests of a previous investigation (2) 
and clearly shows the phenomenon of 
delayed yield. The recording system 
was arranged to provide a relatively 
high sensitivity for the strain measure- 
ment so that the initial elastic strain 
at impact could be determined ac- 
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curately. The delay time is determined formed by using a strain gage placed 
from the record in the manner indicated ¢ in. from the end of the specimen. 


in Fig. 5. This provides a much more sensitive 
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In some tests the time at which yield- 
ing occurred was difficult to determine 
because the decrease in stress accompa- 
nying yielding was so small. For this 
reason, some of the tests at 73 F and all 
the tests at 150 and 250 F were per- 


means of determining the time at which 
yielding begins and, hence, a better 
means of determining the delay time. 
This can be seen by comparing Figs. 4 
and 5. The decrease in stress accompa- 
nying yielding indicated in Fig. 4 is 


o 
40000 
= 
Ys: 
=e 


small, so that the time at which the 
decrease begins is difficult to determine 
accurately, whereas the beginning of 
plastic strain in Fig. 5 is very prominent 
and provides a more satisfactory means 
of determining the time at which yield- 
ing begins. 

The stress at impact for all the tests 
is computed from the velocity of impact 
by means of Eq 1. In those tests at 73 F 
in which high sensitivity strain-time 
records were obtained, the stress at im- 
pact could also be accurately determined 
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The lines of zero slope may be repre- 
sented by: 
~ 

The numerical values of the constants, 
to, oo, and & are given in Table I. The 
values of 4) and oo cannot be obtained 
for the tests made at 250 F because the 
data are not sufficient to be represented 
by a line. 
The line representing the data ob- 
tained at a temperature of 73 F in the 
compression tests of this investigation — 
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from the records. The stresses measured 
from the strain-time records are within 
+1.2 per cent of the stresses calculated 
from the impact velocity. 

The points representing stress versus 
log delay time are plotted in Figs. 6, 7, 
and 8. Data from a previous investiga- 
tion (2) are also plotted for comparison. 
The lines drawn to represent the data 
are determined in the same manner as 
in the previous work. The lines of nega- 
tive slope may be represented by a 
relation of the form: OO 


t = toe” 


Delay Time, sec 
Fic. 8.—Delay Time as a Function of Stress, 250 F. 


TABLE I.—EMPIRICAL CONSTANTS TO FIT THE 


RELATIONS = AND a 
© THE EXPERIMENTAL DATA. 


Temperature, bo, %, 
deg Fahr sec 10? psi 108 
ea 3.34 K 104 3.64 
16.8 4.55 


is the same as the extrapolated line 
representing the data secured in the 
rapid-load tension tests of a previous 
investigation (2) at this same tempera- 
ture for the same material. 

A comparison of the static stress- 
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strain curves obtained previously (2) 
with the curves of the present investiga- 
tion indicates that the material used in 
the two investigations possesses nearly 
identical stress-strain relations. Hence, 
it may be concluded that the phenome- 
non of delayed yielding is essentially 
the same for either tensile or compressive 
loading. The relations between stress 
and delay time presented in Figs. 6 and 
7 show that the slope of the line repre- 
senting the data at 150 F is greater than 
the slope of the line representing the 
data at 73 F. This result is in contrast 
with results of previous work in which 
it was found that the slopes of the lines 
at 73 F and —75 F were very nearly the 
same. 

The decrease in stress accompanying 
yielding may be determined from the 
strain-time records obtained at a position 
2} in. from the end of the specimen in 
some tests at 73 F. The decrease in stress 
ranges from 6100 to 17,200 psi and is 
independent of the initial impact stress 
in the range of stresses studied in this 
investigation. Thus the decrease in 
stress accompanying yielding under im- 
pact conditions appears to be somewhat 
random in nature. 


(1) D. S. Clark and D. S. Wood, “The Time 
Delay for the Initiation of Plastic Deforma- 
tion at Rapidly Applied Constant Stress,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
49, p. 717 (1949). 

(2) D. S. Wood and D. S. Clark, “The Influence 

of Temperature Upon the Time Delay for 
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SUMMARY AND CONCLUSIONS 

Delay times for yield in annealed 
low-carbon steel in compression impact 
exist and are of the same nature as 
found in rapid-load tension tests. The 
relation between stress and delay time 
determined in compression impact tests 
at 73 F agrees with the extrapolated 
relation obtained from rapid-load tension 
tests on the same material. Hence, the 
determination of delay times in compres- 
sion impact tests is comparable with 
the results of rapid-load tension tests. 
Compression impact tests are useful 
for determining delay times of smaller 
magnitude than can be determined from 
rapid-load tension tests. This technique 
is also used to measure delay times at 
150 and 250 F. 

The decrease in stress occurring in 
the specimen at yielding is found to be 
of random nature and cannot be corre- 
lated with the value of initial impact 
stresses. 
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Messrs. G. R. Irwin J. M. 
Krarrt.'—The authors have presented 
a significant addition to their studies of 
delayed yield phenomena. Their present 
work demonstrates that compression- 
loading delay times exist and exhibit the 
same dependence on stress and tempera- 
ture as tensile-loading delay times. We 
wish to submit two questions and a com- 
ment on this paper. 

Consider, as appears to be the case, 
that the plastic deformation is confined 
to a region not far from the first loaded 
end of the specimen; such behavior is to 
be expected in view of the low plastic 
wave velocity in material with yield 
point characteristics. The remainder of 
the bar specimen remains elastic. Strains 
measured on the elastic portion of the 
bar (Fig. 4) are proportional then to the 
load supported by the region in plastic 
deformation. The corresponding plastic 
strain history is measured on the sample 
of specimen covered by the gages 7 in. 
from the end. Within this approximation 
we then note from Fig. 4 that the stress 
supported by the specimen exhibits a 
tendency to drift upward prior to the 
onset of gross yielding. Since this increase 
in stress could act to decrease the delay 
time with respect to that which would 
be observed under truly constant stress, 
some comment by the authors on this 
point would be appreciated. 

The dip in this stress (Fig. 4) at about 
80 microseconds might indicate a mo- 
mentary yield or loss of stress-support- 
ing ability somewhat before the gross 
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yielding at 226 microseconds. This dip 
appears to be characteristic of both the 
records shown. It would be interesting to 
resolve this with a recording system hav- 
ing a minimum response time less than 40 
microseconds. Is it possible that elastic 
behavior terminates here rather than 
at 226 microseconds? 
Finally, we note that the friction be- 
tween the elastic anvil bar B and speci- 
men C provides some biaxial restraint 
to plastic deformation in the specimen 
material close to this boundary. This 
protects the end of the bar from yielding 

much as the oversize ends of tension 
specimens protect adjacent specimen ma- 

terial from yielding. Compression impact 
experiments at our laboratory suggest 
absence of this frictional restraint greatly 
reduces or eliminates the yield delay 

time. 

Mr. W. H. Hoppmann II.2—I am not 
fully aware of the significance of this 
time delay. Perhaps it is a characteristic 
of material, or perhaps it arises as a 
result of technique, or perhaps a combi- 
nation of both. I have devoted consider- 
able time to this type of testing, and I 
am also very much interested in care- 
fully defining the analytical background 
for such testing. 

According to the authors, we could go 
from stress to strain by Hooke’ s oo 
That is the ground upon which one may ~ 
readily raise a question immediately. 


What is this Hooke’s law that relates — 
the stress to strain under these conditions 


2 Associate Professor of Mechanical . me The 
Johns Hopkins University, Baltimore, 


I 


_ of loading? It puts us in a very embarrass- 
_ ing position, because we do not have the 
basis for examination that we have in a 
_ static test, where we very slowly apply a 
load and measure the total load, meas- 
ure the deformation under the load, and 
then relate the two. Here is essentially a 
dynamic condition, and in order to an- 
swer questions fairly concerning a dy- 
namic condition we must solve a set of 
equations based on a theoretical defini- 
tion of the problem. That is our difficulty. 

I can sympathize completely with the 
authors because I do not have any good 
answer for that phase of the problem. 
But I think one should at all times keep 
in the foreground this essential difficulty, 
because the answer to it will throw a 
light upon the nature and reactions of the 
materials and the methods of test and 
their relations one to the other. 

For example, about ten years ago Von 
K4rm4n wrote on the velocity question 
concerning the impact test. He assumed 
a statical relation between stress and 
strain and set up the nonlinear differ- 
ential equation for the description of the 
plastic phase in a bar; but in all fairness 
to von Karman we know that he very 
clearly said and underlined: “This analy- 
sis is based on the engineering stress- 
strain relation from a statical machine 
and I am not so sure that this assumption 
is permissible, but if it is, then we can 
proceed with the analysis in this fash- 
ion.” 

So I caution very strongly against such 
assumptions as that we can use a static 
law for relating stress and strain, because 
when we come to the plastic region es- 
pecially, this is the highly questionable 
part. 

With regard to the experimental por- 
tion, there are questions regarding the 
action of the strain gage in the plastic 
region. Very little is said about the strain 
gage: as to its action under highly loaded 
areas of the bar, as to whether it is prop- 
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erly recording strain on the end of the bar 
where a spherical head was put in partly 
for reasons of expedience. I think that we 
should give close consideration to these 
phases of the question, even if we have to 
make experiments for fifty years, rather 
than go off too freely with regard to new 
phenomena that we may find—such as 
delayed time and so on. 

Finally, if the delayed time is to have 
meaning as far as materials engineers 
are concerned, what is its general sig- 
nificance and, more important, what is 
its real nature? 

Messrs. J. E. Jounson, D. S. Woop, 
AND Dona p S. CLark (authors’ closure). 
—Messrs. Irwin and Krafft have raised 
two questions concerning the details of 
the measurements made and one con- 
cerning the technique. We believe that 
the apparent tendency for the stress to 
drift upward during the delay time which 
is observed in the test record reproduced 
in Fig. 4 is of little significance. This 
apparent drift may be largely attributed 
to characteristics of the oscilloscope em- 
ployed (9-in. RCA, Type 327A). Thus 
we have observed that sweep traces made 
above or below the horizontal center line 
of the cathode-ray tube when no vertical 
impact signal is applied are always 
curved slightly with the concave side 
toward the center line. This is due to 
the curvature of the face of the cathode- 
ray tube and possibly some interaction 
between the horizontal and vertical de- 
flection systems of the oscilloscope. 

The small dip in the records at about 
80 microseconds may be attributed to 
minor disturbances due to the experi- 
mental arrangement. The small dip was 
observed in some other records but not 
all of them. We feel that it probawly rep- 
resents a small compression pulse gene- 
rated in the striking bar, A, when the 
shear disk is stripped from the bar by 
the guard tube prior to impact. Such a 
compression pulse would travel upward 
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in the striking bar, reflect from the free 
end, and return as a tension pulse. Then 
if the impact takes place during the 
round trip travel time of this pulse or 
some multiple of that time, the return- 
ing tension pulse will pass on down to the 
specimen and be recorded in the manner 
observed. 

Radial friction forces at the interface 
between the anvil bar, B, and the speci- 
men, C, are not developed, we believe, 
until plastic deformation of the speci- 
men begins. During the delay time while 
both bars are reacting elastically their 
Poisson’s expansions are equal since both 
bars have the same elastic properties. 
Thus friction of this type is present only 
as a result of plastic deformation in the 
specimens. Hence we feel that the delay 
time is not affected, although the rate 
and final amount of plastic deformation 
which occurs after the delay time may 
be decreased by this friction effect. 

Preliminary tests were made during 
this investigation in which the impact 
took place directly on the specimen. 
These tests always resulted in yielding 
with no delay time. This was felt to be 
due to the unavoidable stress concentra- 
tion at the impact surface. For this rea- 
son the arrangement was changed to that 
indicated in the paper, thus substantially 
eliminating elastic stress concentrations 
at the end of the specimen. 

The authors agree with Mr. Hopp- 
mann that in the range of plastic strains 
the stress-strain behavior of a material 
under dynamic load conditions may be 
quite different from the behavior under 
static conditions. However, we believe 
that our experimental results show that 
no appreciable plastic strains occur dur- 
ing the delay time for yielding. Thus the 
interpretation of the tests in terms of a 
delay time for yielding only involves the 
question of the validity of Hooke’s law 
under dynamic loads. These experiments 
as well as those of other investigators 


indicate that Hooke’s law is valid under 
dynamic loads, with the understanding 
that the inertia of the material is prop- 
erly accounted for by the appropriate 
equations of motion. For example, elastic 
strain produced by the impact may be 
predicted as a function of the impact ve- 
locity on the assumption that Hooke’s 
law holds and using the equations of 
motion. Since we measured both the 
strain and impact velocity a check on 
the theory was possible, and this showed 
good agreement between theory and ex- 
periment. Also the theoretical time for 
elastic waves to traverse twice the length 
of the striking bar, which depends upon 
the same assumptions, checked very well 
with experimental values. 

Finally, we feel that the delay time for 
yielding is a real characteristic of the 
material and not a characteristic of the 
technique of testing. The references given 
in the paper refer to studies of the delay 
time which were made using a very differ- 
ent technique of testing. Since the two 
techniques give consistant results, it 
seems difficult to maintain that the ob- 
served delay for yielding is a characteris- 
tic of the technique. This does not ex- 
clude the possibility that the delay time 
is also a function of other variables than 
those investigated, such as the type of 
a multiaxial stress state or the magnitude 
of stress gradients. Furthermore, the 
delay times measured refer to a time at 
substantially constant stress in the sense 
that the rise time of the stress is rela- 
tively short compared to the delay time. 
If a stress which varied continuously with 
time up to the instant at which yielding 
begins were applied, a delay time, as the 
term is used in the paper, could not be 
defined. However, in our view none of 
these possibilities invalidate the concept 
of the delay time for yielding at constant 
stress as a characteristic property of the 
material. 


stresses was also examined. 


In this paper the term “range of 
stress” is used in the broadest sense, as 
employed by Smith (1),‘ for example, to 
describe in a general way a relationship 
between the maximum and minimum 
stress in a cycle of stress. A complete 
description of a sinusoidal cycle of stress 
requires two algebraic quantities, such as 
maximum and minimum stress, alter- 
nating stress amplitude and mean stress, 
range ratio and maximum stress, alter- 
nating stress amplitude and maximum 
stress, alternating stress amplitude and 
minimum stress, and so on. 


* Presented at the be = sixth Annual Meeting of the 
Society, June 28-July 3, 
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EFFECT OF RANGE OF STRESS ON FATIGUE STRENGTH OF 
NOTCHED AND UNNOTCHED SAE 4340 STEEL 
IN BENDING AND TORSION* 


By W. N. Frinptey,! F. C. MERGEN,? AND A. H. ROSENBERG? 


SYNOPSIS 


Fatigue data are presented for SAE 4340 steel hardened to Rockwell C : 


38. The data include results of tests at different values of mean stress in 
bending and in torsion for both notched and unnotched specimens. 

Since some of the stresses employed were such as produced yielding, the 
stress distribution resulting from yielding was analyzed to determine the © 
actual stresses employed at the start of the test. The permanence of these 


The mechanism of failure and effect of notches are discussed, as well as — 
combined stress theories of failure and a proposed theory for the effect of — 
mean and maximum stress on the fatigue strength. 


PrREvious Work 


The effect of range of stress has been 
investigated and discussed widely. The 
problem was reviewed by Peterson (2) in 
1937 and existing data interpreted by 
Smith (1) in 1942. Some of the subsequent 
investigations (3-8) were reviewed and 
Smith’s interpretation for tensile mean 
stresses brought up to date by Schwartz 
(9) in 1948. Other studies of the effect of 
range of stress are found in references 
(10-19). 

Various empirical relations have been 
proposed to describe the observed effect 
of mean stresses in fatigue. Among these 
are the modified Goodman law (20), the 
Gerber parabola (21), the Soderberg linear 
relation (22), Smith’s equation for brittle 
metals (1), and Seliger’s parameter (23). 

For torsion fatigue of unnotched duc- 
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tile metal specimens, Smith (1) observed 
that the fatigue strength was nearly in- 
dependent of the mean stress when the 
maximum stress was less than 0.8 of the 
yield strength. For notched specimens 
in torsion and axially loaded specimens, he 
observed that the fatigue strength de- 
creased with increasing mean stress. 

It has been observed (17, 19) that the 
fatigue notch factor was influenced by 
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Recently Findley (24, 25) suggested 
that the fatigue strength might be inde- 
pendent of mean stress except as the 
maximum stress caused changes in the 
structure of the material, either by elastic 
or plastic deformation. 


Material and Test Specimens 


The SAE 4340 steel for this investiga- _ 
tion was manufactured by Rotary Elec- 


3 ve" 
a Fatigue Specimen, Unnotched 


O 


0.2" Diam (Tension) 
0.24" Diam (Torsion) 


c Static Tension and Torsion Specimen 


0.2" 


0.01" Rad 


v2" 
b Detail of Notch 


d Compression Specimen 


Fic. 1.—Specimens. 


the mean stress as well as the theoretical 
stress concentration factor. 

A theory of fatigue failure proposed by 
Orowan (26) was based on the concept 
that fracture starts when a critical stress 
is reached in an inhomogeneity or when 
the numerical sum of both positive and 
negative plastic strains reaches a critical 
value. This theory predicted that the 
fatigue strength was independent of the 
mean stress as long as the elastic limit 
was not exceeded. The same conclusion 
was reached by Freudenthal (27) in a 
theory of fatigue failure based on the 
statistical aspect of fatigue. 


‘hour to 500 F. This treatment produced 


tric Steel Co. from heat No. 16632 in the 
form of 1-in. diameter hot rolled and an- 
nealed bars of aircraft quality. The fol- 
lowing certified chemical analysis was 
furnished with the material: C, 0.40; 
Mn, 0.74; Ph, 0.015; S, 0.030; Si, 0.30; : 
Cr, 0.82; Ni, 1.79; Mo, 0.26. The Mc- 
Quaid-Ehn grain size was 7 to 8. The 
stock was heat treated in 1-ft lengths at 
Hamilton Standard Div. of United Air- 
craft Corp. in the following manner: 
normalized from 1650 F, quenched in oil 
from 1550 to 1600 F, heated for 2 hr at 
1040 to 1050 F, and cooled at 200 F per 
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a Rockwell C hardness of 36.7 to 39.0 and 
the structure of tempered martensite 
throughout the bar. 

The dimensions of test specimens em- 
ployed are shown in Fig. 1. The reduced 
sections of the unnotched specimens were 
ground to size and then polished suc- 
cessively with 1, 0, 00, and 000 emery 
paper using a 3-in. diam bobbin rotating 
at 1750 rpm while the specimen was ro- 
tated at 725 rpm. The notched specimen 
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mens were machined as shown in Fig. 1 
from bending fatigue specimens which 
had run out. 


FATIGUE TESTS 


The apparatus employed has been 
described (29) previously, but the testing 
technique used was different. In the 
present tests the deflections to be im- 
posed on each specimen were determined 
by applying in succession a dead load 
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Cycles to Fracture 
Fic. 2.—S-N Diagrams for Bending Fatigue of Notched and Unnotched Specimens at Different 
Mean Stresses. Numbers at points indicate mean stresses corrected for yielding. Alternating stresses 
for unnotched specimens are corrected for yielding. 


was the same as the unnotched except for 
the circumferential groove machined at 
the minimum section. 

The root of the V in the notched speci- 
mens was polished by rotating in the 
notch a 0.020 in. diam soft copper wire 
with Nortons grain 240 abrasive and oil 
until all tool marks were removed. Polish- 
ing was then continued with carborun- 
dum grain FFF. The stress concentration 
factor given by Neuber (28) for the un- 
notched specimens was practically unity, 
but for the notched specimens it was 
about 2.6 for bending and 1.65 for torsion. 
The static tension and torsion speci- 


that would produce the minimum stress 
and one that would produce the maxi- 
mum stress and noting the deflection in 
each case. The fatigue machine was then 
adjusted to reproduce these deflections. 

Application of the largest calibration 
loads caused the specimens to take a 
permanent set in many instances, the 
amount of which was a function of the 
load and time under load. The amount of 
the permanent set was recorded and was 
found to be less than 2 per cent of the 
deflection for all but about the three 
highest stressed specimens in each series 
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of tests. The yielding, and permanent set 
which followed, in specimens loaded be- 
yond the yield point caused both mean 
and alternating stresses to be different 
from the nominal values calculated from 
the loads. These stresses were corrected 
as described later for tests of unnotched 
specimens. 

One specimen tested in torsion was 
accidently subjected to an excessively 


and torsion of notched and unnotched 
specimens. Each S-N diagram was drawn 
separately by inspection in order to 
represent the trend of the data. The 
values of alternating stresses shown have 
been corrected as described later. As has 
been observed before, there is less scatter 
in results from the notched than the un- 
notched specimens. Some of the scatter 
in results of tests of unnotched specimens 
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Fic. 3.—S-N Diagrams for Torsion Fatigue of Notched and Unnotched Specimens at Different 
Mean Stresses. Numbers at points indicate mean stresses corrected for yielding. Alternating stresses 
for unnotched specimens are corrected for yielding. 


large amplitude of deflection. It endured 
1500 cycles, but during this time (1 min) 
it became so hot that a dark blue oxide 
formed on the surface. The heat was 
evidently generated by the energy dis- 
sipated by a large hysteresis loop result- 
ing from yield at both extremes of the 
stress cycle. 

In Figs. 2 and 3 are shown the S-N 
diagrams for fatigue tests in bending® 


5 The bending fatigue tests were first described in the 
Hamilton Standard Propellers Report HSP-509, March 
21, 1946. 


is the result of variations in the material. 
As noted above, the Rockwell C hardness 
of the specimens varied from 36.7 to 
39.0. A comparison of hardness with the 
fatigue results, however, disclosed no 
consistent trend. Because of a shortage 
of material, three notched torsion speci- 


mens were obtained by notching previ- _ 


ously tested unnotched specimens which 
had not fractured. The stress to which 
material at the root of the notch was sub- 
jected in the first test was considered to 
be too low to have damaged the material. 
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Results of the tests of the specimens in 
the notched form were normal. 

Another factor which indicates a varia- 
tion in the material is the fact that the 
unnotched fatigue specimens tested in 
bending did not fail consistently in the 
highest stress position of the specimen. 
In fact, some specimens fractured as 
much as 0.11 in. from the center of the 
specimen, where the stress was 4 less 
than at the center. Analysis showed that 
the standard deviation in location of 
fracture relative to. the center of the 
specimen was 0.0506 in. for unnotched 
specimens tested in bending. These ob- 
servations indicated some nonuniformity 
of the material. No correction of stresses 
was made for variations in location of 
origin of fracture. Variation in material 
was not so apparent in results of notched 
specimens or torsion specimens since the 
fractures all started in the notch in 
notched specimens and the origin of the 
fracture was not so apparent in torsion 
tests. 


FATIGUE FRACTURES 


Examination of the fractured speci- 
mens disclosed the following: 

Both notched and unnotched speci- 
mens in bending failed by nearly trans- 
verse cracks. Macroscopic examination 
showed no indication that fractures 
started on any but principal stress 
planes. Microscopic examination showed 
that some fractures might have started 
on shear planes. 

Unnotched specimens tested in torsion 
at high values of stress fractured by 
developing longitudinal cracks at the 
surface spaced at intervals around the 
circumference. About 10 to 15 of these 
cracks eventually predominated and 
spread in depth to the center of the 
specimen and in length to about 3g in. 
At this point the specimen had the tor- 
sional flexibility of a parallel-strand wire 
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rope. The elements formed by the 
longitudinal cracks were then subjected 
to bending stresses with the greatest 
bending moments at the ends of the 
cracks. Hence the cracks ceased to 
propagate by slip and propagated by 
separation on planes of maximum tension 
stresses until the cracks intersected and 
the specimen fell apart. 

At lower stresses in torsion, the num- 
ber of longitudinal cracks was less and, at 
still lower stresses, a circumferential 
shear crack occasionally developed part 
way around the specimen. At the lowest 
stresses one or two longitudinal shear 
cracks started and progressed for a short 
distance; then the mode of propagation 
changed from a shear fracture to a sepa- 
ration type of fracture, roughly spiral- 
shaped. 

Notched specimens tested in torsion 
fractured on transverse shear planes at 
high stresses which produced fracture in 
less than 31,000 cycles. The fracture 
planes were rather smooth and somewhat 
burnished by rubbing of the surfaces in 
the later stages of the test. At lower 
stresses the fractured surface had a many- 
pointed star appearance. Fractures had 
started at several nuclei around the 
circumference of the notch. The end 
view of the fracture was much the same 
as that of the unnotched torsion speci- 
mens. However, the longitudinal shear 
cracks, if they preceded the separation 
cracks, were not readily apparent. In- 
stead short shear cracks on a transverse 
plane appeared to have been present at 
intervals around the specimen at the root 
of the crack. 

At still lower stresses the number of 
nuclei at which fracture started was re- 
duced, and at even lower stresses only a 
single nucleus was apparent. At these 
stresses the crack propagated diagonally 
across the notch out into the section of 
larger diameter. Evidently the stress 
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‘TABLE I.—STATIC TESTS. 


Elastic | Yield Point, psi 
Modulus, 
psi 
Upper | Lower 
Tension tests, average of two 
tests: 
Normal stress. ............. 29.4 X 10 |159 300 |158 100 
Shearing stress............. 79 600 | 79 000 
Compression tests, average of 
two tests: 
Normal stress. ............. 30.3 X 106 
Shearing stress............. 
Torsion test,* shearing stress: 
Nominal stress............. 11.3 X 106 
Stresses corrected for yield- 
93 000 | 89 200 
One test. 


> Did not fracture. 


Yield | 
Ultimate | | \Elonga-| Rate. 
at 0.2 | Strength, y per 
tress, 
psi psi per cent per cent 
psi 
171 600 273 000 | 55.6 13 0.0006 
85 800 | 136 5007 ‘ 
58 700 | 172 000° 0.0007 
79 300 
08 000 | 142 500 
107 000 
e*- 
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concentration of the crack was much sion tests but not in the nominal stress- 

greater than that of the notch. —— strain curve should be noted. The true 

s fracture stress in tension was determined 

Static TESTS = ==—by dividing the load at fracture by the 

Representative stress-strain curves for minimum area after fracture, and the 

a tension, compression, and torsion are true fracture stress in torsion was calcu- 
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Fic. 5.—Torque-Twist Test of Fatigue Specimen in Static Torsion. 


shown in Fig. 4. Several static properties lated from the torque at fracture on the 
measured from such curves are given in assumption that the stress on the cross- 
Table I. The values of stress in the tor- section of the test specimen was constant 
sion test have been corrected as described along any diameter. This calculation 
later for the nonlinear stress distribution yields the results that the corrected 
resulting from yielding. The corrected ultimate strength is equal to three- 
stress-strain diagram is also given in Fig. fourths the nominal value regardless of 
4. The presence of the yield point in the the diameter. 

corrected stress-strain curve for the tor- From the data in Table I, it was found 
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that the ratio of lower yield point in 
tension to the lower yield point in torsion 
was 1.78. Comparing this value with the 
values predicted by the several theories 
given in Table II of a previous paper (29) 
it was found that the energy. of distortion 
and octahedral shear stress theories pre- 
dict a ratio of 1/3 = 1.73. The value of 
the ratio predicted by the total energy 
of deformation theory depends on Pois- 
son’s ratio. Poisson’s ratio has been 
determined from longitudinal and trans- 
verse strains in a tension specimen to be 
0.28 for the particular heat of steel tested 
in this program but at a Rockwell C 
hardness of 25. Poisson’s ratio computed 
from the values of the moduli given in 
Table I is 0.32. Using the value of 0.3 the 
ratio of yield strength predicted by the 
total energy of deformation theory is 
only 1.61. 

A static test beyond the proportional 
limit is illustrated in Fig. 5 for torsion of 
a specimen of the same shape as the 
fatigue specimen. The range of loads im- 
posed was the same as that of the highest 
stressed specimen of the fatigue test 
series. Above the proportional limit a 
decided curvature of the diagram was 
observed on the first loading. On unload- 
ing, the curve was nearly linear and at 
the same slope as the initial loading line 
down to about 60,000 psi. 

Below this stress a Bauschinger effect 
was apparent in the slight curvature to 
the left. On reverse loading the initial 
curve again had the same slope as the 
initial loading line and, above about 
40,000 psi, it curved to the right forming 
a nearly closed loop. 


CORRECTION OF MEAN STRESSES FOR 
EFFECT OF YIELDING 


In this investigation the mean stress 
was extended to as large values as possi- 
ble. This produced maximum stresses 


that were above the yield point of the. 


material for some of the stresses. When 
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this was the case, the actual maximum 
stresses were less than the values com- 
puted from the ordinary elastic equa- 
tions. Also the alternating stresses were 
higher than computed from the ordinary 
equations as described later. 

The tests at zero mean stress and at 
some of the small values of mean stress 
did not require correction since the 
maximum stress was below the yield 
point. Also, no correction was attempted 
for the yielding that occurred in the 
notched specimens at all mean stresses 
except zero. 


Corrections for Yielding in Bending: 


The corrections employed followed a 
semi-graphical procedure based on an 
extension of the Herbert equation by 
Morkovin and Sidebottom (30). The 
steps involved were as follows: 

The stress-strain curve in tension was 
found to be nearly the same as that in 
compression for the range of strain em- 
ployed in the fatigue tests. Hence the 
analysis was based on relationships ap- 
plicable only when the stress-strain rela- 
tion was the same in tension and com- 
pression. 

From two static-tension and two 
static-compression tests, an average 
stress-strain curve was constructed and 
the stress and strain at the apparent 
proportional limit was obtained. From 
this curve a dimensionless stress-strain 
curve was constructed by dividing the 
stresses and strains by their correspond- 
ing value at the proportional limit. Since 
the plastic stress-strain diagram was 
slightly curved above the proportional 
limit, a point-by-point graphical pro- 
cedure described by Sidebottom (31) was 
employed to construct a dimensionless 
moment-strain diagram. 

The corrected maximum stress for 
any specimen could then be obtained by 
determining the dimensionless bending 
moment for the specimen and locating 


the corresponding value of the dimen- 
sionless strain from the moment-strain 
curve. The dimensionless stress corre- 
spending to the maximum stress was 
then found from the dimensionless stress- 
strain curve at the same value of dimen- 
sionless strain. From the dimensionless 
stress the corrected maximum stress o, 
was calculated for each specimen. 

The corrected minimum stress of the 
cycle was determined from the geometry 
of a stress-deflection diagram for loading 
and unloading in bending (similar to 
Fig. 5). It can be'shown that the cor- 
rected minimum stress g¢ for the test 
procedure employed is given by the ex- 
pression: 


co = or (3-1) (1) 


where: 

o, = the corrected maximum stress, 

oy = the nominal minimum stress, 

Amax = the maximum deflection of the 
specimen and loading arm, and 

Anin = the minimum deflection of the 


specimen and loading arm. 

The corrected alternating stress and 
mean stress were then calculated from 
half the difference and half the sum, re- 
spectively, of the corrected maximum and 
minimum stresses. 

The corrected values of the alternating 
stresses are the values plotted in Fig. 2. 
The values of the corrected mean stress 
(where a correction was needed) are 
shown in thousands of pounds per square 
inch by the numbers adjacent to the 
plotted points in Fig. 2. Correction of the 
alternating stresses made considerable 
difference. Before correction the curves 
were spaced farther apart and the left- 
hand portion of the curves for high mean 
stresses was much flatter. 

It should be noted that the corrections 
employed probably do not give exact 
values of the stresses even in the first 
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cycle of stress because of several simplifi- 
cations from actual material behavior. 
Among these are the following: the 
yielding probably was not homogeneous 
or continuous, and the specimen shape 
confined yielding to a small region which 
may have further complicated the ge- 
ometry of plastic straining; the rate of 
straining in the static tests was much 
slower than the rate of straining during 
fatigue tests; and, at a few of the highest 
stresses, the Bauschinger effect influ- 
enced the results. In addition, the stresses 
change somewhat with time as discussed 
in a later section. 

Corrections for Yielding in Torsion: 

The graphical technique for correcting 
the stresses in torsion was that outlined 
by Nadai (32) for determining the shear- 
ing stress at the surface of a specimen of 
circular cross-section having a nonlinear 
stress-strain relation and subjected to a 
torque. This technique required a curve 
of torque versus angle of twist for a 
cylindrical specimen of circular cross 
section. Such a curve was obtained as 
shown in Fig. 4. The Nadai procedure 
was applied to this curve to determine 
the corrected shearing stress at the ex- 
treme fiber caused by the torque. 

From the results of these calculations, 
a corrected shearing stress versus shearing 
strain curve was constructed (Fig. 4); and 
a curve of nominal shearing stress versus 
corrected shearing stress was constructed. 
By means of the latter curve the maxi- 
mum stress in the cycle was determined 
for each specimen tested in torsion. 

The corrected minimum stress, cor- 
rected alternating stress, and corrected 
mean stress were determined for torsion 
in the same manner as described for de- 
termining these values for bending. The 
corrected values of the alternating 
stresses are the values plotted in Fig. 3. 
The values of the corrected mean stress 
(where a correction was needed) are 
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= 


shown in thousands of pounds per square 
inch by the numbers adjacent to the 
plotted points in Fig. 3. It should be ob- 
served that the same limitations apply 
to this correction procedure as apply to 
the bending procedure. 
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_ CHANGES IN STRESS WITH TIME 


In the previous sections corrections 
have been described which permit ap- 
proximate determination of the stresses 
existing at the start of fatigue tests in 
which yielding had occurred. The ques- 


the maximum stress, for a constant 
maximum bending moment, would in- 
crease and the deflection would decrease. 
This results from the following: If the 
residual stresses in the extreme fibers of 
the beam resulting from plastic bending 
decrease while the bending moment re- 
mains zero, static equilibrium requires 
the stresses in the interior fibers to de- 
crease also. When the original bending 
moment is reapplied, statics requires the 
stress in the extreme fibers to be greater 
and that in the interior less than they 
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Fic. 6.—Stress Relaxation at Constant Deflection of Unnotched Specimen (Fig. 1(a)) in Torsion. 


tion of the permanence of these stresses 
will now be examined. 


Loss of Residual Stresses by Repeated 
Stressing: 


The possibility exists that residual 
stresses in some instances may be re- 
duced by repeated stressing. It seems 
doubtful, however, that residual stresses 
induced by the yielding resulting from 
the deflection cycle imposed in fatigue 
tests at high mean stresses (as in the 
present tests) would be reduced, except 
when stress relaxation due to creep 
occurred or the Bauschinger effect was 
encountered in the unloading portion of 
the cycle. If the induced residual stresses 
were reduced by repeated stressing (in 
the absence of creep) it can be shown that 


were previously. Since the stresses in the 
interior are elastic, their gradient is pro- 
portional to the curvature of the beam. 
Since the interior stresses become less 
under the conditions described, the 
curvature and hence the deflection of the 
beam will be less for the same bending 
moment. 

Alternatively, if the deflection was 
maintained constant, the maximum 
stress would be even higher and the 
maximum bending moment would in- 
crease. The more the residual stresses 
decreased, the more the bending moment 
would increase. Such an effect was not 
observed in tests similar to the present 
one (33). On the contrary, the bending 
moment was observed to decrease in 
some softer alloys at the beginning of the 
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tests (probably due to creep) and again 
near the end of the test when cracks had 
formed (33). The latter decrease in bend- 
ing moment.was caused by a loss in 
section modulus due to the cracks. 


Stress Relaxation: 


Stress relaxation is encountered in 
- steels at high temperatures and at room 
temperature when the sustained strain is 
high enough. The testing procedure em- 
ployed in the present fatigue tests did 
- not permit detection of stress relaxation 
during the tests. However, supple- 
mentary tests have been performed to 
provide an indication of the extent of 
stress relaxation that may have been 
involved. These tests were conducted on 
a machine of the type described in refer- 
ence (33). In these tests the connecting rod 
of the fatigue machine was held in a 
fixed position and the desired initial stress 
was rapidly applied to the specimen by 
_ driving the mean stress adjustment with 
_ a speed wrench. The dynamometer was 
then read at intervals to determine the 
change in bending or twisting moment. 
This was not a precision stress-relaxation 
test since the strain was not kept exactly 
constant, but it represented the condi- 
tions of the fatigue tests rather closely, 
except that in the fatigue tests the crank 
of the fatigue machine was often turned 
over several times while the machine was 
being adjusted to the desired deflection. 
The results obtained are shown in Fig. 
6 for tests in torsion, one at a nominal 
stress representing approximately the 
highest nominal stress employed in the 
torsion fatigue tests and the other at a 
stress of about 3 the upper yield point. 
Torsion tests were selected for this study 
because more material was subjected to 
high stress in them than in the bending 
tests and, therefore, they were more 
sensitive to relaxation. 
Figure 6 shows that the nominal stress 
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decreased about 2.3 and 5 per cent in 
1000 min for initial nominal stresses of 
60,400 and 115,000 psi, respectively 
(1000 min corresponds to about 1.7 
10° cycles in the fatigue tests). Figure 
6 indicates that stress relaxation may 
cause changes in the mean or maximum 
stress during a fatigue test even for 
stresses below the yield point. 

The relation between the nominal and 
actual stresses in the relaxation tests is 
not known. However, examination of 
studies of stress distribution in beams 
that creep (34, 35) suggests that the per 
cent decrease in the actual maximum 
stress in the specimen may not differ 
greatly from the per cent decrease in the 
nominal stress. That is, the shape of the 
stress distribution in the member may 
not change greatly during relaxation. 

It is probable that the relaxation which 
occurred in these relaxation tests was 
substantially more than that occurring 
in the fatigue tests having the same 
maximum stress since in the fatigue tests 
the maximum stresses were applied only 
a small portion of the total time. 

It should also be noted for the highest 
alternating stresses in fatigue tests that 
the duration of these tests was shorter 
than that of the relaxation tests so that 
the amount of relaxation of stress was 
correspondingly reduced. 

In view of the above discussion, it 
seems possible that relaxation of stress 
may have caused a reduction of the mean 
stress (and also the maximum stress) 
during the fatigue tests in addition to 
the reduction in stress caused by yielding. 
The magnitude of this reduction in mean 
stress is probably 5 per cent or less de- 
pending on the maximum stress and 
duration of the test. Compared to the 
approximately 50 per cent or more re- 
duction in mean stress resulting from 
yielding at high stresses, a correction for 
stress relaxation is a second-order correc- 


tion and no attempt has been made to 
correct the present tests for this effect. 
The alternating stresses in the fatigue 
tests probably were not affected by stress 
relaxation since the amplitude remained 
constant and the elastic modulus and 
linearity of the stress-strain curve on 
rapid unloading above the Bauschinger 
effect presumably remained the same. 
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mean stress corresponding to the ordinate 
to the S-N diagram in question. 
Perhaps the most important observa- 
tion from these tests is that increasing 
the mean stress caused only a small 
change in the fatigue strength or endur- 
ance limit for either torsion or bending, 
especially within the elastic range. As 
might be expected, correction of the 


T T T T T 
4x10" Cycles Meon Stress Corrected 
for Yielding 
120000 
Unnotched 
2x10" 
& 100000 
8 . 
80000 
Notched 
3 | 2x10" % = 
= 
2» 
20000 
) 40000 80000 100000 160000 200 000 


Meon Stress, psi 
Fic. 7.—Alternating versus Initial Mean Stress for Bending Fatigue Tests of Notched and Un- 


notched Specimens. 


EFFrect oF MEAN STRESS 


The effect of the mean stress on the 
endurance limit (at 10*® cycles) and the 
fatigue strengths at 4 X 10 or2 X 104 
and 2 X 105 cycles are shown in Figs. 7 
and 8 for bending and torsion tests, 
respectively. Both nominal and cor- 
rected mean stresses are shown. The al- 
ternating stresses shown (corrected as 
described above) represent ordinates to 
the S-N curves at the given number of 
cycles, and the corrected mean stresses 
(shown as blacked-in test points) were 
obtained by interpolating to find the 


mean stresses for yielding reduced the 
mean stress approximately to the lower 
yield point line (see Figs. 7 and 8). 

In bending, the yielding appeared to 
reduce the fatigue strength slightly. In 
torsion both an increase and a decrease 
were observed. 

These results tend to support the sug- 
gestion made earlier (24, 25) by one of the 
authors that the fatigue strength of a 
material is associated with the alternat- 
ing stress and that the major effect of a 
mean stress is to alter the effective struc- 
ture of the material. If the effective struc- 
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ture of a material is only slightly altered 
by yielding or elastic deformation, only a 
slight change in the fatigue strength with 
mean stress would be observed. If this 
suggestion is correct, then the pro- 
nounced effect of mean stress observed 
for some materials would indicate that 
the mean stress produced structural 
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10° cycles, respectively. For torsion of a 
specimen containing the same circum- 
ferential notch, the fatigue notch factor 
at zero mean stress was 1.36, 1.27, and 
1.47 at 2 X 104, 2 X 105 and 10 cycles, 
respectively. It is evident that applica- 
tion of either these factors or the theo- 
retical stress concentration factors (2.6 
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Fic. 8.—Alternating versus Initial Mean Stress for Torsion Fatigue Tests of Notched and Un- 


notched Specimens. 


changes in the material to which the 
fatigue strength was sensitive. 

The fact that the fatigue strength of 
notched specimens in both bending and 
torsion decreased with increasing mean 
stress may be explained by the fact that 
the actual maximum stresses produced in 
the notched specimens caused yielding in 
all except the tests at zero mean stress. 
The fatigue notch factor (36) for the 
circumferential notch shown in Fig. 1(d) 
at zero mean stress in bending was 1.64, 
2.14, and 2.17 at 4 X 104, 2 X 105, and 


for bending, 1.65 for torsion) to the max- 
imum stress results in nominal stresses 
which exceed the yield point for all speci- 
mens except those at zero mean stress and 
those in the vicinity of approach the en- 
durance limit for the lowest mean stress. 

In view of the above, it is difficult to 
see how one can compute a fatigue notch 
factor that is meaningful at a mean stress 
different from zero unless the actual 
mean stress in the notched specimen is 
known to equal that in the unnotched 
specimen. 


= 


_ ALTERNATING VERSUS MAXIMUM 
STRESS 


a as seems to be the case, general 
yielding affects the fatigue strength, then 
perhaps mean stress is not the significant 
parameter. Perhaps the maximum stress 
would be a more logical parameter. The 
fatigue strengths at three different num- 
bers of cycles have been plotted as a 
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often referred to diagram® of the type 
shown in Fig. 9 may be misleading in 
that it implies that all parts of the dia- 
gram are available for torsion testing. 
The possibility of misinterpretation is 
increased by the fact that data from 
many different materials are plotted on 
one diagram in such a way that the zero- 
mean-stress point from each material is 
plotted at different abscissas but the 
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Fic. 9.—Alternating versus Initial Maximum Stresses for Bending and Torsion Fatigue of Un-— 
notched Specimens. Stresses shown are corrected for yielding. : 


function of the maximum stress in the 
cycle in Fig. 9 for unnotched specimens 
in bending and torsion. 

In this diagram the area above the 
diagonal line is unavailable for testing in 
tests of the type performed. For axial 
loading this region would be available 
and, with specimens of unsymmetrical 
cross-section, this region can be made 
available for bending. 

In view of the above onan an 


to the horizontal character of the curve 
then is justified. 

It is evident from Fig. 9 that an in- ; 
crease in maximum stress causes no sig- 
nificant change in the alternating stress 
(fatigue strength) until yielding occurs, 
at which time the fatigue strength gen- 


same ordinate, thus giving more = 
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erally decreased and then in some in- 
stances increased again. 

While the maximum stress seems to be 
the most logical parameter from a the- 
oretical standpoint, it is possible that 
from a design standpoint the mean stress 
may be more useful in describing the 
range of stress because of the unavailable 
region in such diagrams for certain cases. 


Faticue Notcu Factor AND 
STRESS CONCENTRATION 
FACTOR 


It has become accepted practice in 
many places, when designing a part con- 
taining notches and subjected to fluctu- 
ating loads, to apply a fatigue notch fac- 
tor to the alternating component of the 
nominal stress but not to the mean stress. 
The above discussion suggests that the 
reason this is good design practice may 
result from the possibility that the effects 
of alternating stresses in producing fa- 
tigue fracture and the effect of maximum 
stresses (and hence mean stresses) are 
independent except through the medium 
of changes in the structure of the material 
caused by the maximum stress. 

Perhaps a better way of considering 
the problem would be to apply the the- 
oretical stress concentration factor to the 
maximum stress to determine whether 
yielding occurred and what maximum 
stress existed. Then a fatigue notch factor 
would be applied to the alternating 
stress. This result would be compared 
with an S-N diagram of the given ma- 
terial as modified by the structural 
change expected from the calculated 
maximum stresses. The modification of 
the S-N diagram (and hence fatigue 
strengths, endurance limit, etc.) re- 
sulting from structural changes due to 
yielding is probably different for differ- 
ent materials. 


EFFECT OF STATE OF STRESS 


The ratio of the fatigue strength in 
bending, 56, to that in torsion, ¢, was 
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found to be 1.69 at 2 X 105 cycles and 
1.57 at the endurance limit. Referrring 
again to Table II of a previous paper 
(29), it is found that the theory of failure 
which comes closest to predicing these 
values is the total energy of deformation 
for which the value of b/t is 1.61 when 
a value of Poisson’s ratio of 0.3 is used. 
The theories which next most nearly 
predict the observed values of b/t are 
the energy of distortion theory and the 
octahedral shear stress theory, both of 
which predict a value of +/3. 

The values of }/t obtained from the 
ratio of the nominal stresses in notched 
specimens yield the surprising result of 
1.0 at 2 X 105 cycles and 1.06 at the 
endurance limit. However, if the nominal 
stresses are corrected in accordance 
with the theoretical stress concentration 
factors Kw for bending and Ke for 
torsion, the following relation is ob- 
tained: 


b _ Kevonominar 
t 

From this relation, values of b/t of 
1.58 at 2 X 10° cycles and 1.68 at the 
endurance limit are found. These values 
are nearly the same as those determined 
from the unnotched specimens but are 
reversed in order. 

Examination of the literature dis- 
closes that the values of b/t for unnotched 
cast iron specimens range from about 
0.9 to 1.2 which is in the range of the 
value of b/t obtained from the notched 
specimens of SAE 4340 steel. Since cast 
iron is known to contain many notches 
caused by graphite-flake inclusions, per- 
haps the low value of b/t obtained for 
cast irons results from the operation of 
different stress concentration factors for 
the internal notches in bending and in 
torsion. The fact that the graphite 
flakes are considered to be randomly 
oriented, however, tends to discount 
the plausibility of this theory. 

The degree of anisotropy in the 
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fatigue properties of the steel tested in 
this program is not yet known. How- 
ever, tests are under way to obtain this 
information for the same steel heat 
treated to a Rockwell C hardness of 
25. It is possible that anisotropy may 
have affected the value of b/t as dis- 
cussed previously (24, 25). 


CONCLUSIONS AND OBSERVATIONS 


1. An increase in the mean stress in 
either bending or torsion of unnotched 
specimens caused only a small change 
in the fatigue strength (defined in terms 
of the alternating stress) until yielding 
occurred, at which stress the strength 
generally decreased. 

2. A slight decrease in the fatigue 
strength of notched specimens was 
observed in both bending and torsion 
when the mean stress was increased. 
However, most mean stresses employed 
above zero produced yielding. 

3. The process of fatigue fracturing 
in bending and torsion was described 
and the influence of stress on the mode 
of crack formation observed. 

4. The mean and alternating stress 
values were corrected for the nonlinear 
stress distribution resulting from yield- 
ing. 

5. Possible changes in stress due to 
loss of residual stress and relaxation of 
stress have been examined. 

6. The corrected values of the lower 
yield point in torsion and lower yield 
point in tension agreed best with the 
relation predicted by either the energy 


of distortion theory or octahedral shear 7 
stress theory. 

7. The fatigue strengths in bending 
and torsion agreed best with the relation 
predicted by the total energy of de- 
formation theory. 

8. It is suggested that the maximum 
stress in a cycle may be a more signifi- 
cant parameter than mean stress. _ 

9. The fatigue notch factors at the 
endurance limit and zero mean stress 
were 2.17 in bending and 1.47 in torsion © 
compared to stress concentration factors 
of 2.6 in bending and 1.65 in torsion. 

10. It has been suggested that the 
fatigue strength is not influenced by 
mean stress or maximum stress but may 
be influenced by the structural changes 
produced by the maximum stress. 
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DISCUSSION 


Mr. JosepH Marin.'—I would like 
to ask a question regarding your inter- 
pretation of the torsion fatigue strength 
data. You indicated that the distortion 
energy theory gives a good prediction 
of the torsion fatigue test results. How- 
ever, some torsion fatigue test results, 
such as those recently published by 
Gough, do not agree with values pre- 
dicted by the distortion energy theory. 
Is this discrepancy due to the fact that 
the test results by Gough were not cor- 
rected for the influence of plastic flow 
on the stress values? 

Mr. B. J. Lazan.2—There are of 
course two factors which may cause a 
change in stress during fatigue testing 
under nonuniform stress, such as bend- 
ing or torsion. One is the redistribution 
of the stress on a cross-section due to 
plastic action; the other is the change in 
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effective modulus of elasticity which 
associates the alternating strain with 
the alternating stress. I would appreciate 
Mr. Findley’s comments on the signifi- 
cance in his test of each of these causes 
for deviation between calculated and 
true stress. 

Mr. J. M. Lesseris.*—These results 
of Mr. Findley are very interesting, but 
the effect of range of stress on the fatigue 
strength is still obscure. While the theory 
of fatigue, as proposed by Orowan,* 
appears to indicate that the mean stress 
of the cycle has no effect on the fatigue 
strength, the results of many materials 
published by Gough® indicates that the 
range decreases as the mean stress is 
increased. Moreover, the empirical re- 
lations suggested by Goodman and 
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Gerber, and widely used by engineers, 
do assume such a behavior. 

Regarding the remarks by Mr. Marin 
on the work of Gough*® on combined 
stresses, very good agreement was ob- 
tained for the cases of a low carbon steel 
and an alloy steel with the Mises-Hencky 
theory. These results have also been 


shown by Sachs! and by Cox and 
Sopwith" that one obtains the same 
yield ratio of torsion to tension as for 
the Mises criterion if one calculates 
total yielding of an aggregate of ran- 
domly orientated grains on the basis of 
resolved shear stress. For this reason it 
has been suggested by Beeching” that 
energy designations be abandoned in 
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Mr. R. E. Pererson® (by letter).— 
One of the conclusions indicates agree- 


ment with “either the energy of distor- 
- tion theory or octahedral shear stress 
theory.” These theories have the same 
mathematical expression as the Mises 


criterion which was proposed? as a 
mathematical interpretation avoiding 
the discontinuities of the maximum shear 


_ diagram for biaxial stresses. It has been 
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favor of a simpler term, such as Mises 
criterion. 

It is rather interesting that if one 
considers fatigue ratios of torsion to 
tension (Fig. 10), rather good agreement, 
on the average, is also obtained with the 
Mises criterion. In the absence of statis- 
tical procedures it is not likely that a 
meaningful decision can be reached 
regarding theories from a single com- 
parison. 
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Since notches represent a biaxial case 
at the surface, one should logically 
utilize a strength theory in comparing 
theory and test. If the Mises criterion, 
or a similar theory, is used, this has the 
effect of bringing the theoretical and 
test values closer together. Much more 
data are needed to settle this matter. 
The authors’ views would be appreciated 
with regard to application of strength 
theory in the case of notched members. 

Mr. W. N. Finney (author’s clo- 
sure).—The discussors have raised some 
very important and difficult questions. 
In response to Mr. Marin’s question, 
the present fatigue data for bending and 
torsion are nearest to the predictions of 
the total energy of deformation theory. 
The ratio b/t at the endurance limit 
was 1.57 compared to 1.61 for this theory. 
The energy-of-distortion theory predicts 
1.73. 

In the recent paper by Gough (13)," 
the values of b/t for twelve steels ranged 
from 1.46 to 1.93 with five values within 
less than 3 per cent of 6/t for the energy- 
of-distortion theory. In my opinion these 
differences in the ratio b/t are not due 
to the fact that corrections were not 
made for the influence of plastic flow 
on the stress values. I have this opinion 
because in the range of the endurance 
limit, at least, the stresses would be 
elastic for tests at zero mean stress. At 
higher mean stresses the stresses were 
probably linear on unloading and re- 
loading so that the computed alternating 
stresses were probably correct. Only the 
mean stresses at the highest values were 
affected by plastic flow. 

Mr. Lazan asked for comments on the 
significance of two causes for deviation 
between calculated stress and true 
stresses. The causes of deviation be- 
tween nominal stresses and actual 
stresses that were discussed in the paper 
were (a) yielding, (6) Bauschinger effect, 


18 The boldface numbers in parentheses refer to the 
list of references appended to the paper, see p. 784. 


(c) stress relaxation, and (d) crack for- 
mation. Of these (a) and (c) caused no 
deviation from the nominal alternating 
stresses, (b) caused a substantial devia- 
tion from the nominal alternating 
stresses when the ayplitudes were very 
large, and (d) caused unknown but prob- 
ably large deviations in both alternating 
and mean stresses during the latter part 
of the test. The mean stresses were 
substantially affected by (a) and to a 
lesser extent by (c). No change in modu- 
lus was observed in these or similar 
tests. An effective modulus may be 
associated with yielding, Bauschinger 
effect or hysteresis damping. The effect 
of damping in the absence of the other 
two was not determined but was prob- 
ably very small. 

Mr. Lessells’ remarks are appreciated. 

In response to Mr. Peterson’s discus- 
sion I have the following comments. 
It is true that except for a radical sign 
the three theories—energy of distortion, 
octahedral shear stress, and Mises 
criterion—have the same mathematical 
formulation and hence produce the same 
results as far as a designer is concerned. 
However, in attempting to determine the 
basic laws governing fatigue failure 
under combined stresses, I feel that 
they are three distinctly different con- 
cepts of what controls fatigue failure— 
the first a strain energy, the second a 
shearing stress, and the third empiricism. | 

There is also a difference in the ac- 
curacy with which a given set of data 
agree with the first two of these theories. 
This comes about because the energy 
theory is the square of the stress theory; 
hence the effect of deviations from the 
theory is more pronounced in the energy 
theory. This fact, of course, does not 
show up if the comparison is made on the 
basis of stress in both cases. However, 
in my opinion the comparison should be 


‘made in terms of energy for an energy - 


theory and stress for a stress theory as 


illustrated in earlier papers by the 
author (24, 25), for example. 

I do not wish to imply by the text or 
conclusions 6 and 7 that I feel the energy 
theories or octahedral shear stress 
theory describe the fundamental rela- 
tionships which control fatigue under 
combined stress. I feel that it is un- 
likely that either is the correct explana- 
tion. My reasons are given in earlier 
papers (24, 25). 

I understand the references given by 
Mr. Peterson describe theories of failure 
by general yielding. According to avail- 
able evidence fatigue failure starts in a 
very localized manner on particular 
planes in particular crystals and fatigue 
is a fracturing rather than yielding 
process. Thus it seems that the same 
theory would not necessarily describe 
both processes. 

Since the origin of a fatigue crack may 
involve one plane or set of parallel 
planes in a single crystalite it seems 
unnecessary that the maximum resolved 
shear stress in every crystalite in a given 
region reach a critical value before cracks 
start as proposed in the octahedral shear 
stress concept for the initiation of yield- 
ings. 

While the weight of evidence given in 
Fig. 10 of the discussion strongly favors 
the Mises criterion, another grouping 
of these and other data show that several 
rather distinct classes of materials may 
be formed which would show several 
lines like that of Fig. 10 but at different 
slopes, indicating apparent agreement 
with different theories. This material 
is presented in a technical report which 
is in preparation on Contract No. DA- 
11-022-ORD-995 with the Office of 
Ordnance Research. 

It appears possible that the apparent 
agreement of different materials with 
different theories may be due to the 
presence in different degrees of some 
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influencing factor such as anisotropy 
(24, 25, 29), or different rates of crack 
propagation by two different mechanisms 
(24). 

It may also be that fatigue failure 
results from fluctuating shearing stress 
(or strain) but that the strength is 
influenced by (a) the structure of the 
material, which may be altered by 
yielding, (b) the presence of normal 
stress on the plane of the maximum 


. Shear stress, (c) the presence of normal 


stresses on the plane normal to the maxi- 
mum shear planes, and (d) other fac- 
tors. The effect of the normal stresses, 
like the effect of yielding, may be dif- 
ferent for different materials. That is, 
normal stresses on the planes of maxi- 
mum shear stress may tend to inhibit 
slip, if compression, or make slip easier, 
if tension; and the effectiveness of these 
normal stresses may depend on the 
nature of the atoms involved in the 
potential slip planes, presence of foreign 
atoms, type of lattice, etc. Some experi- 
ments to determine the effect of normal 
stresses on the shear stress to produce 
slip in single crystals, with and without 
imperfections such as foreign atoms, 
might be very enlightening. 

Mr. Peterson raised a question about 
the application of strength theory to 
notched members. I feel that a satis- 
factory complete theory for fatigue 
must explain the behavior of notched 
members. The objections given above 
to the Mises criterion would, I believe, 
be as applicable in the case of notched 
members. In the data of the present 
paper application of the stress concen- 
tration factors for bending and torsion 
to the data for the notched specimens 
resulted in nearly the same ratio of 
fatigue strength in bending to that in 
torsion as for unnotched specimens. 
This may be an indication that the same 
theories operate in”both instances. 


INFLUENCE OF GRAIN SIZE ON 


By R. W. Karry! anp T. J. Dotan? 


SYNOPSIS 


A study was made of the reduction in flexural fatigue strength caused by 
a circumferential notch in specimens of a single-phase metal. Groups of 
specimens were prepared from 70-30 brass having the same chemical analysis 
but processed to obtain three different degrees of cold reduction and three 
different annealed grain sizes. Two notch shapes having the same depth but 
different root radii were investigated. It was found that the fatigue strength 
reduction factor and notch-sensitivity were not unique material constants; 
these were dependent upon both the grain size of the metal and the notch root 
radius. An increase in grain size produced a significant lowering of the fatigue 
strength, but also resulted in a decrease of notch-sensitivity and fatigue 
strength reduction factor. Experimentally determined fatigue strength re- 


duction factors were somewhat smaller than those computed from H. Neuber’s 
theory of the effect of an elementary particle on notched material behavior. 


On comparing fatigue strengths developed, a correlation was found between 
the calculated average stress on a grain located in the critically stressed sur- 
face of a notched specimen and that in an unnotched specie having the 


same grain size. 


One of the most important problems 
encountered in the design of machine 
parts is the prediction of the strength 
of a member when subjected to the stress 
concentrating effects developed by a 
geometrical notch. Several experimental 
investigations (4, 5, 12)? have disclosed 
that the fatigue limit or fatigue strength 
of notched fatigue specimens is usually 
greater than that predicted by use of 
theoretical stress concentration factors 
based on assumptions of elasticity. 
Several expressions have been developed 
in attempts to explain this discrepancy 
between classical theory and experi- 
mental results. Among these expressions, 
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the two which have come to be commonly 
accepted‘ are the “fatigue strength 
reduction factor,” K;, and the ‘“notch- 
sensitivity,” g. Notch-sensitivity sup- 
posedly varies between zero, when Ky 
1, and unity, when Ky = K,; how- 
ever, values of g less than zero (negative) 
and greater than one have been observed 
in tests of several different materials. 
Neither K, nor g have any significance 
unless the stress range, geometry, size, 
and material of the specimen are stated. 

For conditions of s/atic loading, Neuber 
(3) has discussed the failure of the 
classical theory of elasticity to predict 
adequately the behavior of metals with 


4K is defined as the ratio of the fatigue strength of 
specimens with no stress concentration to the fatigue 
strength of members with a stress raiser. Notch sensitiv wy 


- q, is a measure of the degree of agreement between K 


and K¢, where is the theoretical stress 
factor. The value of g is defined (10) as follows: 


Kt—-1 


j 


FATIGUE NOTCH-SENSITIVITY* 
= 


notches of very small radii. The theory 
of elasticity assumes the material to be 
perfectly homogeneous and made up of 
infinitesimally small particles which is 
not the case for engineering materials. 
If the radius of curvature of the surface 
is everywhere large enough, compared 
with the size of the crystalline structure 
of the material, no pronounced error in 
the classical theory becomes evident. 
To take into consideration, mathemati- 
cally, the crystalline structure of metals, 
Neuber assumed the material to be 
composed of numerous small but finite 
structural units which he named the 
“elementary particle.” The values of 
theoretical stresses in the region of peak 
stress were averaged over the surface 
of the elementary particle which reduced 
the value of the effective maximum 
elastic stress because of the stress 
gradient existing over the particle. 
Consequently, Neuber found that the 
stress concentration factor also depends 
upon the size of the elementary particle 
when the surface curvature is relatively 
sharp. It appears possible that this more 
realistic approach to the stress concen- 
trating effect of a sharp notch in a 
polycrystalline metal may also be ap- 
plicable to the case of repeated loading. 

The work of Peterson (1, 2) lends some 
support to this suggestion, at least in a 
qualitative manner. Briefly, Peterson 
found that fine-grained, heat-treated 
steels were more notch sensitive in 
fatigue than coarse-grained, annealed 
steels when tested under similar condi- 
tions. Results obtained by other investi- 
gators (8, 11) also seem to indicate a 
possible relationship between metal- 
lurgical structure and fatigue notch 
sensitivity. One might reason that a 
stress raiser introduces a steep stress 
gradient at the specimen surface, re- 
sulting in an appreciable stress drop 
across any one grain assumed to be 
located at the root of the notch. For 
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metal having large grains, there would 
be a relatively large stress drop and, 
hence, a lower average stress acting on 
the grain. Thus for the same peak stress 
calculated at the surface, the large 
grains are subjected to a less severe 
loading condition. Therefore the fatigue 
behavior of a notched specimen could 
not be expected to be the same as that 
of an unnotched specimen where the 
drop in stress across one grain is rela- 
tively small. 

Although the contributions discussed 
above are of considerable importance, 
some confusion exists concerning what 
measure of grain size was_ utilized 
(1, 2) or if the elementary particle (3) 
is related to the size of a metal space 
lattice or to some kind of crystal grain. 

A survey of the literature on fatigue 
notch sensitivity did not disclose any 
instances in which a systematic investi- 
gation of the influence of grain size was 
made. In view of the lack of available 
data on this subject, it seemed desirable 
that a laboratory study be made to 
furnish the needed information. 


PURPOSE AND SCOPE 


The purpose of this investigation was 
to study the influence of measured grain 
sizes on the fatigue notch sensitivity of 
a metal. In order to keep the number of 
unknown variables to a minimum, it 
was thought advisable to select for test 
a simple single-phase metal in which the 
grain size could readily be controlled; 
for this reason, a 70-30 brass was used 
in the experimental program. The effects 
of three different degrees of cold work 
and three different annealed grain sizes 
on the notch sensitivity of the 70-30 
brass were determined experimentally. 
Notched fatigue specimens were tested 
at approximately 3500 rpm in rotating 
cantilever-beam machines under con- 
stant load at zero mean stress. Two 
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different notch shapes were investi- 
gated to reveal the effect of notch root 
radius on the notch-sensitivity of the 
brass. 

In addition, Neuber’s theory of the 
effect of an elementary particle on 
notched material behavior was investi- 
gated for its applicability to the case of 


repeated loading. 
J 


| 
Diameter 


0,260" 


(a) Unnotched 
32 Specimen 


rata 0.005" Rad 


0.200" 0.016" 
(b) Notched 
Specimen 


K+= 2.94 


0200, 

4+ 

0.020 Rad 0.016 
9" 


Fic. 1.—Details of Fatigue Test Specimens. 


(c) Notched 
Specimen 


MATERIAL AND PREPARATION 
OF SPECIMENS 


The brass was received in the form of 
cold-drawn rod and was from the same 
heat and processing as that used in a 
previous investigation (13). It was com- 
posed of 69.5 per cent copper, less than 
0.05 per cent lead, 0.01 per cent iron, 
and the balance zinc. The various 
specimen groups were subjected to 
different mechanical treatments by the 
manufacturer as listed in Table I. 

Notched fatigue specimens, Figs. 1(6) 


and (c), were first machined from groups 
of the “as-received” material and some 
of these groups were later given specific 
annealing treatments to alter the grain 
size. The theoretical stress concentration 
factors, Ky, were determined by means 
of Neuber’s nomograph (3). The un- 
notched fatigue specimen, Fig. 1(a) 
was used by Sinclair and Craig (13); 
it is included in this paper since the 
unnotched fatigue strengths previously 
determined by Sinclair and Craig for 
specimens from the same groups of bar 
stock were utilized in analyzing the 
results. 


TABLE I.—“EQUIVALENT” GRAIN SIZES OF 
COLD-DRAWN BRASS. 
|Ready- to-| Cold Final Equiv- 
Group Finish |Reduction Diameter| alent 
Designation | Grain | in Area, | of Rod, | Grain 
Size, mm | per cent in, Size, mm 
0.015 20 0.324 0.00295 
RE 0.015 * 40 0.281 0.00205 
Se 0.015 60 0.229 0.00185 


In the case of cold-worked metals, it 
is practically impossible to determine the 
grain size of the material by using optical 
methods. However by introducing a new 
concept, Sinclair and Craig (13) deter- 
mined an “equivalent” grain size for 
cold-worked brass. They determined 


. the mean grain diameters, by Jeffries’ 


planimetric method,® and Rockwell hard- 
ness numbers of specimens subjected 
to various annealing treatments. These 
values are plotted as solid black dots 
in Fig. 2. It had previously been shown 
(7) that a straight-line relation appears 
to exist between the log of the mean 
grain diameter and the Rockwell hard- 
ness of annealed brass. Sinclair and 
Craig reasoned that if the Rockwell 
hardness number of a cold-worked brass 
is known, an “equivalent” grain diameter 


5 Tentative Methods for Pectin the Average Grain 
Size of Wrought Co; pe and Copper-Base Alloys (E 79 - 
49 T), 1952 Book o PASTM Standards, Part 2, p. 1146. 
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Mean Grain Diameter, cm 


Each point is an average value for at least ten hardness readings. From Sinclair and Craig (13). 


TABLE II.—ANNEALING TREATMENTS AND 
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Rockwell Hardness Number 
Fic. 2.—Effect of Mean Grain Diameter on Rockwell Hardness Number. 


GRAIN SIZES OF SPECIMENS. 


STRENGTHS AT 100 MILLION 
CYCLES.® 


TABLE III.—UNNOTCHED FATIGUE 


Anneal | Time at Approximate “ — ” : 
ration Designa- Temper | Temper- Anneale | 
Factor, tion ature, ature, | Grain Size, Brass Group Grain Size, 108 Cycles, 
Ky mm psi 
A 0.00205 30 000 
A 0.00295 24 000 
0.012 22 000 
A 0.026 17 000 
A 0.131 12 000 
A 0.305 9 000 


a From Sinclair and Craig (13). 


= 

wat 

A 


may be established by the intercept 
method on an extrapolation of the curves 
in Fig. 2. These estimated grain sizes 
were observed to be “equivalent” as 
far as their general effects on the mechan- 
ical properties of the brass were con- 
cerned. The term grain size as used 
throughout the remainder of this paper 
will refer to the “equivalent” grain sizes 
of cold-worked brass and the mean 
grain sizes (Jeffries’ method) for an- 
nealed brass. The grain sizes of the 
as-received groups studied are given in 
Table I. 


TABLE IV.—NOTCHED FATIGUE STRENGTHS 
AT 100 MILLION CYCLES. 


Fatigue Strength 


Stress Concentra- ‘‘Equivalent’’ 
tion Factor, or Mean Grain at 108 Cycles, 
Ky Size, mm psi 
0.0018 13 000 
0.0020 12 000 
2.94 0.0029 12 000 
0.012 12 000 , 
0.033 10 000 
0.125 9 000 
0.0018 | 23 000 
0.0020 21 000 
1.79 0.0029 16 000 
0.023 12 000 
0.107 10 000 
9 000 


After machining, a number of notched 
specimens were given various annealing 
treatments as listed in Table II. The 
annealed grain sizes resulting from these 
treatments were also determined from 
the hardness-grain size relation of Fig. 
2. The annealed grain sizes for specimens 
of each notch are given in Tables II to 
IV. The differences in grain size for the 
same annealing treatment resulted from 
heating the batches of specimens of 
each notch separately. The Rockwell 
hardness number of each group given 
an annealing treatment was the average 
value of at least 20 hardness readings. 
These hardness readings were obtained 
on specimens which were approximately 
13 in. in length and which had flats 
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milled on two sides of the rod. The 
hardness readings for the various groups 
agreed closely with the data plotted in 
Fig. 2 for the different grain sizes in- 
vestigated. 

The test section of each specimen was 
polished electrolytically, using a solu- 
tion of 530 g per | of orthophosphoric 
acid in water, at a temperature of 100 
+ 1 F for a period of 10 min as the final 
step preparatory to testing. The electro- 
polishing removed approximately 0.001 


TABLE V.—INFLUENCE OF “EQUIVALENT” OR 
MEAN GRAIN SIZE ON THE FATIGUE STRENGTH 
REDUCTION FACTOR AT VARIOUS NUMBERS OF 
CYCLES. 

| Fatigue Strength Reduction 
Stress “Equiv- F K 


actor, 
Concen- or - 
tration Mean f 
Factor, Grain Size, Number of Cycles 
5 
| | 10° | | to" | | 108 
— 
0.00185 2.86] 2.76] 2.84) 3.01) 3.10 
0.00205 2.54) 2.46] 2.19) 2.19) 2.29) 2.46 
2.94 | 0.00295 2.01) 1.97) 1.85) 1.92) 2.06) 2.12 
0.0125 1.85) 1.83) 1.72) 1.73) 1.89) 1.82 
0.033 1.75) 1.72] 1.63) 1.59) 1.66) 1.60 
0.125 1.61) 1.54) 1.46] 1.37) 1.27) 1.33 
0.00185 2.12| 1.84] 1.79] 1.74] 1.70 
0.00205 1.88) 1.84) 1.55) 1.51] 1.47] 1.56 
1.79 0.00295 1.55} 1.58) 1.48) 1.53) 1.52) 1.57 
0.023 1.42) 1.44] 1.42) 1.42) 1.44] 1.46 
0.107 1.34) 1.34] 1.31] 1.28] 1.20] 1.28 
0.28 | 1.04 


in. of metal from the diameter, uniformly 
along the length of the test section. 
After polishing, all specimens were 
measured on three different diameters, 
and the notch contour checked at 50X 
on an optical microprojector. For any 
one specimen the maximum difference 
in diameters was observed to be less 
than 0.001 in. For a majority of the 
specimens this difference was observed 
to be less than 0.0005 in. The average 
value of the specimen diameters at the 
root of the notch was used to calculate 
the nominal stress in the specimen by the 


elementary flexure formula, S 
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G.S=0.00185mm. GS=0.0125mm. 
Ky =2.94 
+ >. 
G.S+0.00205mm. 
Ky =2.94 
10000 
=x 
5000 
| | GS+0.00295 mm. mm. 
20000 
15000 
10000 }— 
a 108 107 108 108 107 108 


Number of Cycles to Failure 
(a) “Equivalent”’ grain size. (b) Annealed grain size. 


Fic. 3.—Influence of “Equivalent” and Annealed Grain Size on Fatigue Strength of 70-30 Brass. 


G.S.= 0.00185 mm| | GS.*0.023 mm. 
30000} — - Q 20000 
25000} ———- 15000 
15000 = 5000 
G.S.=0.00205 mm. GS*0.107 mm. 
g 30000}-—— + 45000 
25000} — _ 40000 
| | | 
15000 
G.S.=0.00295 mm G.S.=0.28 mm. 
K,=1.79 K,=1.79 
t | t 15000 
10 10” lo® 108 10” 10° 


Number of Cycles to Failure 


(a) “Equivalent”’ grain size. (6) Annealed grain size. 


Fic. 4.—Influence of “Equivalent” and Annealed Grain Size on Fatigue Strength of 70-30 Brass. 
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ReEsutts oF TESTS AND DISCUSSION 


The fatigue strengths at 100 million 
cycles for the unnotched brass having 
various grain sizes are given in Table 
Ill. 

Specimens with either type of notch 
(see Figs. 1(b) and (c)) were loaded as 
rotating cantilever beams. The data 
obtained are plotted in the typical 
S-log N diagrams shown in Figs. 3 and 4. 
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By scaling data from the smooth 
curves of Figs. 5and 6, the fatigue strength 
reduction factors, Ks, were computed 
for each grain size at each selected life, 
and the values listed in Table V. From 
a comparison of these data, it can be 
seen that for a given life, K; increased 
as the grain size decreased. It is also 
important to note that for any one grain 
size, Ky in general was slighily larger 
when high loads were employed to 


10° 


Cycles 


Legend 


& Unnotched 


- 


° Ky= 


40 000 
35.000 


@ Kr=294 


30000 


25 000 


20 000 


15000 


Flexural Fatigue Strength, psi 


10000 


The fatigue strengths at 100 million 
cycles for specimens with each notch 
and for the various grain sizes investi- 
gated are listed in Table IV. 

For purposes of quantitative compari- 
son, the fatigue strength for any given 
number of stress cycles can be obtained 
from the curves of Figs. 3 and 4 for each 
grain size investigated. These values 
have been replotted as a function of 
material grain size in Figs. 5 and 6 for 
various numbers of stress cycles. From 
these curves it can be seen that the 
fatigue strength of the material at each 
selected life increased as the grain 
diameter was reduced. 


, 2010 
Equivalent’ or Mean 


Fic. 6.—Influence of “Equivalent” or Mean Grain Size on the Fatigue Strength at 10° Cycles 


0.10 10 
Grain Size,mm. 


produce failure at lower numbers of 
cycles. This is contrary to the popular 
belief that higher average stresses cause 


_ a localized redistribution of stress that 


may lower the strength reduction factor. 

The fatigue strength reduction factors, 
Ky (as computed from the curves shown 
in Fig. 6) and the fatigue notch-sen- 
sitivities, g, are plotted versus the grain 
size of the brass in Figs. 7 and 8. It can be 
seen from these illustrations that Ky and 
q are not unique material constants but 
are dependent upon both the grain size 
of the metal and the notch root radius. 
In addition, it can be observed that as 
the grain diameter is reduced, Ker and 
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q Legend 


K,= 2.94 
© K,= 1.79 


a K,= 294 


4 K= 1.79 


From Experiment 


From Neuber’s Theory 
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Fic. 7.—Fatigue Strength Reduction Factors at » saad Compared with Mouber'’s Theory 
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Fic. 8.—Influence of “Equivalent” or Mean Grain Size on Notch Sensitivity at 10° Cycles. 
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q for both notches more nearly approach 
the values predicted by the theoretical 
stress concentration factors, Ky. This 
behavior is in agreement with that ob- 
served by Peterson (1, 2). The stress 
gradient set up in the specimen by the 
notch, results in an appreciable stress 
drop across any grain located at the root 
of the notch. There would be a greater 
drop in stress across a large grain (and 
hence the average stress would be 
smaller) than for a small grain size. For 
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the effective stress concentration factor, 
according to Neuber, is given by the 
following expression: 


ll 


previously defined, 

notch radius, and 

half the width of the 
elementary particle. 
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Fic. 9.—Average Stress on One Grain Located in the Critically Stressed Surface of a Notched 
or Unnotched Specimen (Based on 10* Cycles of Stress). 


the same maximum (or peak) stress, a 
fine grain located in the critical zone is 
therefore subjected to a more severe 
condition of stressing. 

It would be of considerable aid in 
formulating a design procedure if a 
rational basis for predicting K; and q 
was available. The results of Neuber’s 
(3) analysis of the effect of an elementary 
particle on notched material behavior, 
for the condition of static loading, were 
investigated for their applicability to 
this problem. When the surface curva- 
ture of a member is relatively sharp, 


Neuber also found that for relatively 
sharper notches, the notch flank angle, 
w, had to be considered. The effect of 
the notch flank angle was found to be 
satisfied by the following expression: 


(2) 


1+ 
1+ 
T= @ r 


The liberty of using fatigue symbols 
in Neuber’s expressions has been taken 
since his static theory was applied to the 
case of repeated loading. 


K; = 


= 
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If the grain diameter of the brass is 
assumed to be the same as Neuber’s 
concept of an elementary particle, Eqs 
1 and 2 yield the curves shown in Fig. 
7 for 100 million cycles of stress. The 
values of K¢ for both notches as calcu- 
lated from Fig. 6 have also been included 
for comparison. One-half the grain 
diameter was assumed to be equal to 
p’, which is half the width of Neuber’s 
elementary particle. Equation 2 was 
used for the notch having a root radius 
of 0.005 in. and a flank angle of 60 deg, 
whereas Eq 1 was applied for the notch 
having a root radius of 0.020 in. From 
the curves in Fig. 7 it can be seen that 
Neuber’s theory predicts fatigue strength 
reduction factors which are considerably 
higher than the experimental values for 
all but the smallest grain sizes considered. 
Further, it can be seen that there is a 
greater difference between the theoretical 
and experimental values for the notch 
having a root radius of 0.005 in. than 
the results for the notch with a root 
radius of 0.020 in. It must be remem- 
bered, however, that Neuber considered 
the material to be subjected to static 
loads. 


AVERAGE STRESS ON CRITICALLY 
STRESSED GRAIN 


It was thought that some correlation 
might exist between the average stress 
on a grain located in the surface of an 
unnotched specimen and that acting 
on a grain located at the root of the 
notch of a notched specimen. The stress 
gradient in the unnotched specimen was 
determined from the elementary flexure 
formula. The stress gradients set up by 
the two notches were calculated from 
an expression approximated by Seely 
and Smith (14) from Neuber’s work. 
This expression is as follows: 
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where: 

S = maximum stress gradient, psi 
per in., 

K. S, = theoretical maximum stress, 
where S, is the nominal 
stress as determined by ele- 
mentary flexure formula, psi, 

p = notch root radius, in., and 

c = radius of section at root of 
notch, in. 

This expression yields the maximum 


stress gradient at the root of the notch 
of a shallow-grooved bar under bending. 
The criterion for a groove being shallow 
is that the depth of the groove be less 
than one-half the radius of the net 
section at the notch. 

The average stress on a grain located 
at the root of either notch was computed 
in the following manner. The maximum 
stress on the grain was assumed to be 
equal to the product of the nominal 
fatigue strength (for that particular 
grain size) and the theoretical stress 
concentration factor, K;. The maximum 
stress gradient in the specimen was 
computed for the given notch (by Eq 
3) and the decrease in stress across the 
grain was approximated by multiplying 
the grain diameter by the stress gradient. 
The minimum stress on the grain could 
thus be approximated by taking the 
difference between the maximum stress 
and this decrease in stress; the approxi- 
mate average stress was then computed 
by taking one-half the sum of the 
maximum and minimum stresses on the 
grain. In each case the fatigue strength 
for a particular grain size was obtained 
from the smooth curves of Fig. 6. 

The average stress on a grain located 
at the root of the notch is compared in 
Fig. 9 with the average stress on a 
grain in the surface of an unnotched 
specimen for each grain size investigated. 
It can be seen in Fig. 9 that the average 
stresses on grains in the unnotched 
specimens and in the specimens having 


— 


a theoretical concentration factor K, = 
1.79 are in rather close agreement for 
all grain sizes considered. However, in 
the case of the notch having a root radius 
of 0.005 in. (Ki = 2.94), considerable 
deviation is observed for grain sizes 
greater than about 0.03 mm. This small 
root radius sets up an extremely steep 
stress gradient over a very shallow depth 
below the root of the notch, and the 
slope to the stress distribution curve 
changes markedly across the specimen. 
Thus for the larger grain sizes, the 
arbitrary assumption of a constant stress 
gradient across one grain is greatly in 
error. For example, with the largest 
grain diameter, 0.125 mm, the decrease 
in stress across the grain (as predicted 
by assuming a constant stress gradient) 
is so large that a large compressive stress 
would be necessary at the bottom of the 
grain. Hence, for this sharp notch, the 
stress gradient as calculated from Eq 3, 
in the manner described above, intro- 
duces considerable error in calculating 
the values for the average stresses on 
the larger grain sizes. 


CONCLUSIONS 


By means of flexural fatigue tests the 
notch sensitivity of a typical single- 
phase metal was investigated for a wide 
range of grain sizes and for specimens 
with two different stress raisers. As a 
result of this study, the following con- 
clusions seem justified: 

1. A decrease in the grain size (or of 
“equivalent grain diameter” of cold- 
rolled brass) resulted in the following 
observed change in properties: 

(a) The fatigue strength of both 
notched and unnotched specimens was 
increased, 
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(6) For notched specimens the 
fatigue strength reduction factor, K,, 
and the notch-sensitivity, g, were 
both increased. 

(c) For the finest grain sizes studied 
the values of Ky and gq tended to 
approach the values predicted by 
the theoretical stress concentration 
factors, Ke. 

2. In general, for any given grain size, 
the fatigue strength reduction factor 
and the notch-sensitivity were slightly 
larger for the higher stress levels that 
produced failure at low values of fatigue 
life. 

3. The fatigue strength reduction 
factor and notch sensitivity are nol 
unique material constants; their values 
depend upon both the notch root radius 
and the grain size of the metal. 

4. A fair correlation was shown to 
exist between the calculated average 
stress on the most highly stressed grain 
in a notched specimen with that calcu- 
lated for an unnotched specimen of the 
same grain size. 
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_ ard Charpy V-notch 
used. The results are summarized in the 
. accompanying Table VI. It will be 


Mr. A. B. Wiper! (presented in 
wrilten form).—A number of years ago 
H. F. Moore and A..B. Wilder directed 
experimental studies at the University 
of Illinois on the influence of grain size 
on the mechanical properties of several 
steels. The work was conducted by 


Messrs. Roy Lorentz, Jr. and Harlan 


Oehler and was never published. In 
reviewing the paper by Messrs. R. W. 


_ Karry and T. J. Dolan, the thought 


occurred that a summary of some of the 
results may be of interest in comparing 
70-30 brass with steel. 

In the studies conducted by Messrs. 
Lorentz and Oehler, the variations in 
measured grain size were obtained by 
heat treatment followed by slow cooling 
in a furnace. The fatigue specimens were 
0.250 in. in diameter and the notched 
specimens had a 0.02-in. radius at the 
root of the notch. The tension impact 
specimens were 0.200 in. in diameter and 


radius at the root of the notch. A stand- 


nd notched specimens had a 0.02-in. 


specimen was 


f observed that the endurance limit of 


-unnotched specimens and the ratio of 
-unnotched to notched endurance limit 
increased with decreasing grain size. 
: The endurance limit of the notched speci- 

mens was not appreciably changed with 

different grain sizes. Other properties 
_ shown in Table VI are of general interest. 


1 Chief Metallurgist, National Tube Division, U. S. 
Steel Corp., Pittsburgh, Pa. 


Preliminary results imdicated that 
lower carbon steels behave in a manner 
similar to AISI 1045 and 1050 steels; 
however, results obtained with quenched- 
and-tempered AISI 2345 steel indicated 


TABLE VI.—MECHANICAL PROPERTIES. 


Endurance Limit | Tension Impact} | = 
Grain | 3 lecBl |. 
Sie |S | | 2 
AISI 1045 
0....]35 000}19 000} 1.8 | 59.0/42.0| 1.4 110.0] 85 700 
4....|35 000/19 000} 1.8 | 66.0/49.0] 1.3 | 9.0] 84 500 
7....|38 000/19 000} 2.0 | 66.0/49.0] 1.4 |17.0] 85 900 
AISI 1050 
0....|30 000/22 000) 1.4 | 86.0/34.0| 2.6 | 4.0| 94 300 
2....]32 000/20 000} 1.6 | 84.0)35.0| 2.3 | 5.0] 92 500 
7....|36 000]21 000] 1.7 | 73.0/41.0] 1.7 |14.0] 92 300 
AISI 2345 
—1..../47 500/21 500} 2.2 | 90.0/45.0| 2.0 |15.0|114 400 
2....|52 000/22 000} 2.4 |101.0]52.0} 1.9 |23.0|113 800 
7....|54 500]20 000] 2.7 |112.0)54.0] 2.1 25.0/110 


that quenching and tempering treat- 
ments resulting in different grain sizes: 
may influence the endurance limit of 
notched specimens. 

Mr. Horace Grover?®.—-Studies of 
the influence of grain size on fatigue 
notch-sensitivity of metals and alloys 
are much to be desired. The authors 
are to be commended in carrying out 
work along this important line. 


2 Division Chief, Battelle Memorial Inst., Columbus, 
hio. 
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DISCUSSION 


Although it is pointed out in the paper 
that grain sizes were not actually meas- 
ured in the cold-rolled brass, the mean- 
ing of the “equivalent” grain sizes used 
in the analysis is not discussed in great 
detail. Discussion of the physical mean- 
ing of this equivalent grain size in the 
reference paper by Sinclair and Craig* 
is also limited. It would seem that ex- 
trapolation of hardness versus mean 


grain-diameter curves from the region — 


of annealed materials into the region of 
cold-worked materials warrants very 
careful consideration of the possible 
differences in the nature of grains 
developed in these different ways. Such 
differences may be very important in 
regard to fatigue notch-sensitivity. More 
extensive discussion of this point by the 
authors would be very helpful. 

Mr. R. E. Peterson‘ (by letter)— 
This paper represents an important 
contribution in the field of notch effect 
in fatigue; the choice of a simple single- 
phase metal in which the grain size could 
be controlled is the key idea on which the 
contribution is based. 

In general one would expect gq = 1 
to be approached asymptotically as the 
grain size is decreased. The sharp upturn 
(Fig. 7), with g going above 1.0, seems 
unusual and I would like to ask if the 
authors have an explanation of this. 

Since the notch involves biaxial stress, 
it may be of interest to consider what 
direction the results take if the Mises 
criterion is assumed. It turns out that 
for the Mises criterion the q curves of 
Fig. 7 would be raised and, except for 
the above-mentioned “up-turn,”’ would 
approach closer to 1.0. With our present 
state of knowledge, it is not certain 
what procedure is best so that the fore- 
going observation should be regarded as 
speculative. 


3G. M., Sinclair and W. J. Craig, “Influence of Grain 
Size on Work Hardening and Fatigue Characteristics of 


Alpha Brass,’’ Transactions, Am. Soc. Metals, Vol. 44, © 


p. 929 (1952). 
4 Manager, Mechanics Department, Westinghouse Re- 
search Laboratories, East Pittsburgh, Pa. 
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The direction taken by the investiga- 
tion reported in this paper is an interest- 
ing one and it is hoped that this work will 
be continued. 

Mr. T. J. DoLAN (author’s closure).— 
The authors wish to thank Mr. Wilder 
for his contribution of additional data 
on the effect of grain size in steels. In 
preparing the paper, we had no intention 
of inferring that this analysis and ex- 
perimental data would apply to complex 
metals such as steels and their alloys in 
which the hardening constituents are 
widely dispersed. The strengths of these 
complex metals are more dependent 
upon the shape and distribution of the 
various hardening constituents dispersed 
within the grains. The purpose in 
selecting alpha brass in this case was 
to use a simple, single-phase metal in 
which the strength of the grains was 
dependent primarily on their size (in an 
inverse manner such that the smaller the 
grain, the stronger its resistance to 
plastic deformation). 

We are rather strongly of the opinion 
that for steel or similar alloys, perhaps 
it is not grain size that is important but 
some mean free path for slip in the grain, 
as determined by the spacing of carbides 
and other hardening constituents. The 
approach used was considered of a funda- 
mental type, to see whether for the sim- 
ple, single-phase metal there was some 
relationship between fatigue strength 
and grain size. 

Mr. Grover suggests further inter- 
pretation or discussion of the meaning 
of the “equivalent” grain size employed 
for the cold-worked brass. As he points 
out, there may be questions raised about 
the validity of the extrapolation in 
relating grain size to hardness measure- 
ments alone. However in spite of the 
existence of many arbitrary methods of 
measuring various types of grain size 
(and correspondingly many different _ 


opinions as to which grain size is most 
important) there is no standardized 
procedure available for determining a 
“grain size” for cold-worked metal. 
Therefore, we adopted the procedure 
used by Sinclair and Craig* who made 
rather extensive studies of the same 
heat of alpha brass used by the authors. 
Sinclair and Craig found a close correla- 
tion between the “equivalent” grain 
size as determined by hardness measure- 
ments and the standard mechanical 
properties of tensile strength, fatigue 
strength, strain hardening exponent, 
etc. 

In general, it was felt that if grain 
size is a controlling factor in affecting 
strength properties, the converse might 
also be true; that is, that an approximate 
measure of effective grain size could be 
obtained from a test such as the hardness 
test which measures resistance to 
deformation of the metal. In the absence 
of an accepted standard for grain size of 
cold-worked metal, this method seemed 
to offer a rational and useful measure 
that could be used for the brass as a 
criterion for practical engineering pur- 
poses. 

With regard to the symbol p’ in 
Neuber’s equation, we did not employ 
the value Neuber had suggested for 
certain metals but examined his equa- 
tion by assuming that perhaps the grain 
itself was the elementary structural unit. 
Thus by using Neuber’s equations with 
 p’ equal to half the grain size the com- 
puted technical strength reduction fac- 
tors were plotted in Fig. 8 where they 
were compared with the experimental 
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strength reduction factors. They seem 
to follow the same general trends, but 
the computed Neuber values were some- 
what higher in strength reduction factor 
than the experimental values. Perhaps 
this would indicate that the structural 
unit of importance is not the grain but 
something corresponding to a part of a 
grain, or group of grains. However 
Neuber’s analysis is based upon a theo- 
retical approach for an elastic condition, 
and here it is applied to a fatigue condi- 
tion for which the assumptions might 
not be strictly applicable. 

The authors have no complete explana- 
tion of the sharp upturn in values of 
notch sensitivity index g noted by Mr. 
Peterson in Fig. 7 of the paper. The 
values of g are quite sensitive to small 
experimental errors since they involve a 
ratio of two numbers each of which may 
vary appreciably with small changes in 
experimental data. It seems possible 
that the fatigue strength for unnotched 
specimens at the smallest grain size 
may have been slightly higher than 
would normally be experienced from the 
trend of the other data. This would 
partially account for the sharp increase 
in values of g for the smallest grain size 
employed. However since the notch 
sensitivity index is affected by several 
geometrical factors and is not an in- 
herent property of the metal, the authors 
did not wish to attach much importance 
to the data in Fig. 7. The fact that the q¢ 
for the smallest grain size exceeded a 
value of 1.0 by a small amount in one 
case is not significant and may be within 
the limits of experimental error. 


STATIC AND FATIGUE PROPERTIES OF CARBON, SILICON, AND 


HIGH-STRENGTH LOW-ALLOY STEEL PLATES HAVING A HOLE* 


By FRANK BARON! AND Epwarp W. Larson, Jr.! 


ranges of loading. 


Differences in view exist in the techni- 
cal literature concerning the relative 
advantages which high-strength struc- 
tural steels may have over carbon struc- 
tural steels for resisting fatigue loads. 
The differences in view are a consequence 
of the results reported for small-scale 
notched and unnotched specimens as 
compared to the results reported for un- 
polished plates with a hole or for riveted 
joints. Several investigators (1, 2, 3)* have 
reported that the fatigue strengths and 
endurance limits of small, polished speci- 


* Presented at the gee Annual Meeting of the 
953. 


Society, June 28-July 3, 


rofessor of Civil So and Research Asso- 
ciate in Civil Engineering, respectively, Northwestern 


Univ, Evanston, Ill. 


he boldface numbers in parentheses refer to the list 


of be cae appended to this paper, see p. 823. 


SYNOPSIS 


The purposes of this investigation were to determine the fatigue strengths 
of various high-strength low-alloy steels, the relationship, if any, between the 
fatigue strengths and the stress-strain characteristics of the steels, and the 
relative advantages of the various steels for resisting fatigue loadings. Fifteen 
different plate steels were considered, including 7 low-alloy steels, 4 silicon 
steels, 3 ordinary carbon steels, and 1 rimmed steel. The test specimens were 
long and narrow and had a 1,-in. hole at the center. Several ranges of zero 
to tension cycles of loading were considered for each kind of steel. For many 
of the fatigue specimens, measurements were made of the strains at the edges 
of the holes. Strain concentration factors were determined for the various 


The number of cycles to failure for the various kinds of steels were related 
to the average stresses and to the maximum longitudinal tensile strains at the 
net-sections of the specimens. For the type of specimen considered, the fatigue 
strengths of the various steels increased with the tensile strengths and with 
the yield strengths. The fatigue lives of the various steels were more closely re- 
lated to the maximum strains than to the average stresses or to the maximum 
stresses at the net-sections of the specimens. 


mens are directly related to the tensile 
strengths of the materials. In 1935, 
Kommerell (4) reported that the ratio of 
the fatigue strength to the tensile 
strength of a high-strength low-alloy 
steel can be decreased by the introduction 
of a stress-raiser such as a hole. Graf (5) 
reported the same conclusion with par- 
ticular reference to the results of fatigue 
tests of riveted joints. However, in 1938, 
Wilson (6) and Thomas reported that the 
decrease in the above ratio was so great 
for unpolished plates with a hole and for 
riveted joints that the fatigue strengths 
of a silicon and of a nickel steel were 


essentially the same as those of a carbon | 


steel. Consequently, many engineers 
concluded that the advantages which 
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high-strength structural steels might 
have over carbon steels for resisting 
static loads could not be realized for 
fatigue loads. Other engineers believed 
that the data reported by Wilson and 
Thomas were insufficient to warrant such 
a conclusion. 

The above differences in view led to an 
investigation to determine whether the 
fatigue characteristics of different steels 
were related to the static strengths of the 
steels when tested in the form of a plate 
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DRILLED AND REAMED 
NOMINAL THICKNESS OF PLATE = 5/8" 
SECTION 


= L864 SQ IN 
A OF GROSS-SECTION = 2.50 SQ IN 


(a) DIMENSIONS OF FATIGUE SPECIMENS 


lig’ DIAMETER HOLE 
DRILLED AND REAMED 


NOMINAL THICKNESS OF PLATE = ee 
AREA OF NET~SECTION = 
NOMINAL AREA OF GROSS SECTION = 23.50 Som 


(b) DIMENSIONS OF STATIC TENSION SPECIMENS 


with a hole. A study was also made to 
determine the relationship between the 
fatigue lives and the maximum longi- 
tudinal tensile strains for the different 
steels. The study was based on the con- 
cept advanced by the metallurgist or 
research worker that fatigue cracks de- 
velop as a consequence of the minute 
deformations that occur within the 
crystalline structure of a material. The 
various attempts to relate fatigue lives 
with stresses have deemphasized the 


Fic. 1.—Dimensions of Specimens Tested in Static Tension and in Fatigue. 


important réle which deformations play 
in determining the fatigue life of a mem- 
ber. For this reason the authors believed 
that deformations or strains should pro- 
vide a better basis than stresses for 
evaluating the effects of different vari- 
ables on the fatigue lives of members. 
This belief was strengthened when it was 
realized that, for the various ranges of 
fatigue loading considered, the strains in 
the vicinity of the discontinuity exceeded 
the elastic limits of the steels. 


LOCATION OF GAGES GAGE NO. TYPE OF GAGES 
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AY 
NOTE: FOR STATIC TENSION Tests: 
ALL GAGES AS SHOWN WERE MOUNTED ON ONE 
SPECIMEN OF EACH STEEL 
GAGES 1 AND I2 WERE MOUNTED ON THE OTHER 
N STEEL 


OF EACH 


SPECIME! 
FOR FATIGUE TESTS: 
GAGES | AND 2 WERE MOUNTED ON 41 FATIGUE 
SPECIMENS 

DESCRIPTION OF TEST SPECIMENS 


(c) LOCATION OF SR-4 STRAIN GAGES 
ON SPECIMENS WITH A HOLE 


Fifteen steels, ranging in tensile 
strengths and having the mill-scale left 
intact, were selected for the program re- 
ported herein. Fatigue tests and static 
tension tests were made of long narrow 
plates having a hole in the center. 
Several ranges of zero to tension cycles of 
loading were considered for each kind of 
steel. The dimensions and details of the 
specimens tested in static tension and in 
fatigue are shown in Fig. 1. The hole in 
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the center of each specimen had a final 
diameter of 15 in. and was drilled and 
reamed in the laboratory. The selected 
ratio of width of specimen to diameter of 
hole was 3.76. For this ratio, a stress- 
concentration factor of 2.32 is obtained 
by the theory of elasticity. In this report, 
stress-concentration factor is defined as 
the ratio of the maximum stress at the 
edge of the hole to the average stress on 
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the four groups of ASTM Specification 
A 94° silicon steel specimens were pre- 
pared by machine flame-cutting to size 
and then post-heating the edges. These 
groups of specimens were designated by 
N and O. Each group of post-heated 
specimens was prepared by the manu- 
facturer of the steel. All other fatigue and 
static tension specimens were machined 
by a single large fabricator. 


TABLE I.—MECHANICAL PROPERTIES OF THE VARIOUS STEELS.* 


| Yield Elongation, 
| Strength | pengi per cent Average 
ensile Reduction 
Kind of Steel | Material for an Off- Strength, : : in Area, Roughnesses 0 Hardness 
set of 0.2 8-in. | 2-in Plate Surfac of | 
| | Per cent, P | Gage | Gage P Material® 
| psi | Length | Length 
| 
High-strength low- A 55 000 79 500 | 27.2 50.0 59.3 very rough 84 
alloy (ASTM | B 44 400 65 200 30.2 55.0 61.2 very smooth 73 
A 242) i ¢c 47 800 82 600 25.8 47.8 60.5 rough S 85 
; D 57 000 74.400 | 26.4 50.0 | 60.1 very rough and pitted 84 
| E 48 200 77900 | 27.9 50.2 61.5 smooth 81 
F 49 500 78 800 27.8 50.0 60.8 rough 81 
G 51 200 73 600 | 29.6 51.0 60.6 rough 80 
Rimmed | H 31 100 | 52700 | 33.4 57.5 | 63.8 | smooth | 52 
Carbon ig 36 600 70 000 28.8 50.5 53.3 very rough | 72 
(ASTM A 7) J | 34400 | 62100 | 31.0 | 53.0 57.2 | rough | 66 
K | 35 400 60 000 30.3 54.2 60.5 very rough | 65 
Silicon (ASTM | L | 51 800 90 000 23.4 40.5 44.2 | rough | 83 
A 94) | M 48 400 88 800 23.4 43.5 50.4 very rough | 83 
N 51 500 90 800 22.9 40.5 46.9 | fairly smooth } 85 
oO 46 500 83 600 25.7 49.2 58.6 very rough 84 
@ Average properties for t two coupon specimens per steel. The average modulus of elasticity for the various steels 
ranged between 29,400,000 and 31,500,000 psi. 
Fatigue specimens. 
© Average of six readings per steel. Rockwell B Scale, 100 kg load, ys in. steel ball. % 


the net-section of the specimen. For each 
kind of steel, all fatigue specimens, static 
tension specimens, and coupon speci- 
mens were obtained from a single plate. 
Since only one sample plate was ob- 
tained for each kind of steel, the results 
do not necessarily represent the maxi- 
mum, the minimum, or the average 
result which should be expected for each 
grade of steel. In order to insure that un- 
warranted comparisons are not made on 
the basis of trade designations, the vari- 
ous steels are designated by letters A 
through O. 

In general, the fatigue and static 
tension specimens were machine flame- 
cut 3 in. oversize and were then machined 
to the final dimensions. How ever, two of 


STATIC AND RELATED TESTS OF THE 
Various STEELS 


Various types of tests were made of 
each material. These included static 
tests of coupon specimens, hardness 
surveys, and micrographic studies. The 
tests were needed for interpreting the 
results of the fatigue tests and of the 
static tension tests of the specimens with 
a hole. 

For each material, two coupon speci- 
mens were tested in static tension to 
determine the mechanical properties and 
the stress-strain characteristics. The 
average properties are given in Table I 


and a typical stress-strain curve for each 


3 Tentative Specifications for Structural Silicon Steel 
(A 94-50 T), 1952 Book of ASTM Standards, Part 1, p. 376. 
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material is given in Fig. 2. The coupon 
specimens had machined edges, standard 
rectangular cross-sections, and 8-in. gage 
lengths. The tests were made in a 
Baldwin-Southwark machine having a 
capacity of 120,000 lb. The strains were 
measured with a Riehle dial extensometer 
having an 8-in. gage length. Two se- 
quences of loading were considered. One 
sequence consisted of increasing the load 
in successive increments; however, at 
certain intervals the load was decreased 
to zero to obtain the permanent set for 
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Inspection of Table I shows that the 
three carbon steels, I, J, and K, met the 
tension requirements of the ASTM Speci- 
fication A 7‘ and the four silicon steels, 
L to O, met the tension requirements of 
ASTM Specification A94. ASTM Specifi- 
cation A 2425 was applicable for the high- 
strength low-alloy steels, except for ma- 
terial B which had an average tensile 
strength of 65,200 psi. The yield 
strengths for the low-alloy steels were 
greater than for the carbon steels and 
were about the same as for the silicon 
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Material 


Stress, psi 


= 


each interval of loading. For each case of 
unloading, the ratio of the decrease in 
stress to the decrease in strain was a 
constant and was equal to the initial 
modulus of elasticity. The other sequence 
of loading consisted of increasing the load 
in successive increments until failure 
occurred. For each sequence of loading, 
the increment of load was 2000 lb before 
excessive yielding of the specimen oc- 
curred and 5000 lb thereafter. The 
mechanical properties of each steel were 
essentially the same for both sequences 
of loading. 


0.08 008 0 008 0 008 008 Oo '008 
0.04 0.12 0.04 O12 0.04 0.12 004 O12 0.04 0.12 004 O12 0.04 O12 004 O12 


Strain 


Fic. 2.—Typical Stress-Strain Curves for the Various Steels. 


steels. For the low-alloy steels, the yield 
strengths were between 58 and 77 per 
cent of the tensile strengths. For the 
silicon and the carbon steels, the yield 
strengths were between 52 per cent and 
59 per cent of the tensile strengths. The 
ductilities of the low-alloy steels were 
about the same as for the carbon steels 
and were appreciably greater than those 
for the silicon steels. 


4 Tentative Specifications for Steel for Bridges and 
Buildings (A 7 - 52 T), 1952 Book of ASTM Standards, 
Part 1, p. 356. 

5 Tentative 
Steel 242-52 
p. 437. 


ifications for Low-Alloy Structural 
, 1952 Book of ASTM Standards, Part 1, 
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The introduction of a new steel for strain curve, how is yield point or an 
structural purposes immediately raises equivalent term to be defined, and how is 
questions concerning the mechanical the yield point to be determined in ac- 
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Fic. 3.—A Comparison of the Shapes of the Various Stress-Strain Curves. 
properties and the stress-strain charac- ceptance testing. Manufacturers of steel 7 


teristics of that steel. Such questions arise frequently use a testing machine which — 
as to what is the shape of the stress- produces an autographic stress-strain 
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record but will not indicate the existence 
of a yield point. The contract. require- 
ments for reporting a yield point cannot 
be fulfilled because a “drop of beam” or 
“halt in gage” cannot be observed by 
such a procedure of testing. For this 
reason, it has been suggested that the 
unit stress corresponding to a unit strain 
of 0.005 be accepted and reported as an 
equivalent yield point. 

For the above reasons, dimensionless 
diagrams were drawn for comparing the 
shapes of the various stress-strain curves. 
These diagrams are shown in Fig. 3. For 
each steel, the ratio of stress to a refer- 
ence stress was plotted versus the ratio of 
strain to a reference strain. The reference 
stress was different for each steel and was 
selected to be the stress corresponding to 
a strain of 0.005. The reference strain 
was also different for each steel. In 
selecting each reference strain, the initial 
tangent to the stress-strain curve was 
extended until it.intersected the value of 
the reference stress. The strain which 
corresponded to this point of intersection 
was taken as the reference strain. The 
deviations of each stress-strain curve 
from the initial tangent were summarized 
and each stress-strain curve was Classi- 
fied in one of five groups: a to e. All five 
shapes of stress-strain curves were ob- 
tained for the low-alloy steels. Shapes a, 
c, and d were obtained for the three 
carbon steels and shapes }, c, and d for 
the silicon steels. The classification is 
given in Fig. 3. 

For each steel, a comparison was made 
of the yield strengths determined in 
different ways. Yield strength was de- 
fined as the stress obtained by the 0.2 
per cent offset method and the stresses 
corresponding to strains of 0.002 and 
0.005. For several steels, the yield points 
were indicated by the drop of the beam. 
The yield strengths obtained by the 0.2 
per cent offset method were almost the 
same as those obtained for a strain of 
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0.005. As a result of the different shapes 
that were obtained for the stress-strain 
curves, the yield strengths obtained for a 
strain of 0.002 were at times appreciably 
less than those obtained for a strain of 
0.005. For this reason, the authors 
believe that if yield strength is to be re- 
ported as the unit stress corresponding 
to a selected value of unit strain, the 
selected unit strain should be about 
0.0025 for the types of steels considered 
herein. 

Rockwell hardness tests were made of 
each steel and the results are given in 
Table I. These tests were made of 
samples cut from the original plates. For 
each material, hardness surveys were 
also made to determine whether the 
flame-cutting operations had influenced 
the properties of the finished specimens. 
These surveys were made across the 
widths of several specimens which had 


been tested in fatigue. Thirteen readings j 


were taken across the width of each 
specimen and the averages of these 
readings were about the same as those 


ation in hardness existed across the width 
of each specimen. This indicated that the 
flame-cutting operations had little, if 
any, influence on the properties of the 
specimens with machined edges. 
Micrographs showing the 


given in Table I. No appreciable vari- . 


internal 


structures of the various steels were 


made to determine whether the differ- 

ences in the fatigue strengths of the 

various steels could be related to the 

McQuaid-Ehn grain sizes and the actual - 
microstructures of the steels. The micro- 
graphs and the McQuaid-Ehn grain sizes 
are given in Fig. 4. An examination was 
also made of the fatigue specimens to 
determine the surface roughness of each 
steel. An indication of the relative 
roughnesses of the various steels is given 
in Table I. Six degrees of roughness are | 


-indicated and ranged from a very smooth 


surface with mill-scale intact to a very 


| 

— | 


rough surface with little mill-scale but 
with the parent steel pitted and rusted. 
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Static TENSION TESTS OF SPECIMENS 
WITH A HOLE 


For each material, two static tension 
tests were made of the specimens with a 
hole. One specimen of each material was 

subjected to a continuously increasing 
until failure occurred. This specimen 
had a }-in. square grid scribed on a 
surface and a strain gage located on each 


TABLE II.—TENSION OF THE SPECIMENS 
HAVING A 1-IN. HOLE.* 


Mate- 


Kind of Steel vial Yield 


High-strength 
(ASTM 
A 242) 


Rimmed 
Carbon (ASTM 
A7) 


Silicon (ASTM 
A 94) 


e > Average of two specimens per steel. 
> Based on a nominal area of 1.836 sq in. The actual 
areas did not differ by more than 1 per cent from the 
nominal area. 
. 4 One specimen had a 100 per cent brittle fracture. 
4 One specimen had a 50 per cent brittle fracture. 
* Specimens with post-heated edges. 


edge to indicate when yielding occurred 
across the entire net-section. The other 
specimen of each material had 16 SR-4 
strain gages attached to it and was sub- 
jected to a different sequence of loading. 
This sequence consisted of an increase in 
load until a load of 50,900 lb was reached. 
The load was then decreased to a value 
of 10,000 lb, and then increased until 
failure occurred. Strain gage readings 
were taken at 2000-lb increments or 
decrements of load until yielding oc- 
curred across the entire net-section. The 
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location of each strain gage is shown in 
Fig. 1. It should be observed that only 
longitudinal tensile strains were meas- 
ured. The effects of the curvature of the 
hole and of the transverse strains on the 
SR-4 strain gage readings were neglected. 

Table II gives for each steel the 
average yield load and the average ulti- 
mate load. The yield load for a material 
in the form of a plate with a hole was 
about the same irrespective of the pro- 
cedure of loading and was considered to 
be that load at which yielding had pro- 
gressed across the entire net-section. The 
ultimate load for a material was also 
about the same irrespective of the pro- 
cedure of loading. 

The distributions of longitudinal 
strains across the net-section and a gross- 
section were obtained for one specimen 
of each material. Selected examples of 
these distributions are given in Fig. 5. 
The examples were selected to illustrate 
the influence of the magnitude of the 
yield point and the shape of the stress- 
strain curve on the distributions of the 
strains. For a given value of load, the 
strains were largest at the edges of the 
holes. These strains were about the same 
for a load of 15,000 lb irrespective of the 
kind of steel. For such values of load, 
each material behaved elastically and the 
strains were proportional to load. For 
strains in the elastic range, the theoretical 
stress concentration factor was 2.32 as 
compared to an experimental value of 
about 2.44. The load for which the 
maximum strain was equal to the yield 
strain was different for each material. 
For high values of load, the maximum 
strains increased at a greater rate than 
the increase in load and were related to 
the stress-strain characteristics of the 
materials. The maximum strains for 
loads of about 45,000 lb and over were 
largest for the steels with the low values 
of yield point. These strains were greater 
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Ap Ap- 
proxi- | proxi-| Ulti- | Ulti 
mate | mate | mat 
Yield | Load, |Stres 
Load, Stress, Ib psi? 
lb | psi' 
55 800/148 800 | 80 9% 
6 300/126 600 | 68 9 
1 700)157 200 | 85 6¢ 
7 200}138 500 | 75 4¢ 
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Fic. 5.—Examples of Distribution of Longitudinal Strains for Statie Tension Specimens. 
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Fic. 6.—Stress and Strain Concentration Fac- 
tors for Material K. 


for the carbon steels than for the low- 
alloy and the silicon steels. 


-have been reported upon by various in- 


Stress-concentration factors, K, for 
members loaded in different ways and 
having different types of discontinuities 


vestigators. These factors were deter-— 
mined analytically (7) as well as 
photoelastically (8). Strain concentration 
factors for strains in the inelastic range 
have been studied less extensively and 
have just recently been reported upon 
in the technical literature (9, 10, 11, 12). 
For the program reported herein, strain 
concentration factors, K., were deter- 
mined for various values of average stress 
on the net-sections of the specimens. The 
strain concentration factor was defined 
as the ratio of the maximum strain at 
the edge of the hole to the strain of the 
coupon specimen for the same average 

stress on the net-section of each speci- 
men. Curves were drawn relating the 


strain concentration factors with average 7 


stresses on the net-sections and with 
ratios of average stress to yield nol 


(0.2 per cent offset). A typical example 
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of the latter curves is shown in Fig. 6. 
The corresponding relationship for stress 
concentration factors is given in the same 
figure. It was observed that when the 
maximum strain exceeded the propor- 
tional limit of a material the strain con- 
centration factors increased with an 
increase in load, whereas the stress con- 
centration factors decreased. For a load 
of 30,000 lb or less, the strain concen 


curves for the former group of steels 
indicated that in the inelastic range the 
strains at the edge of the hole were 
principally influenced by the magnitude 
of the yield point for each steel. The 
curves for the silicon steels with the post- 
heated edges indicated that the residual 
compressive strains reduced the tensile 
strains caused by tension loads. The 
curve for material A indicated that the 


tration factors were a constant for each 
maierial and were approximately the 
same for each kind of steel. The strain 
concentration factors began to increase 
at a different value of load for each 
material. The curves relating the strain- 
concentration factors with the ratios of 
average stress to yield strength had ap- 
proximately the same shape for each kind 
of steel except for material A and for the 
silicon steels with post-heated edges. The 


Fic. 7.—80,000-lb Capacity Fatigue Machine. 


strain at the edge of the hole exceeded 
the yield strain at a lower value of load 

than was to be expected. This may have 

been caused by other factors than those 

which have been considered. 


FaticuE Tests oF SPECIMENS 
WITH A HOLE 


All fatigue tests were conducted in 
the 80,000-lb capacity fatigue machine 
shown in Fig. 7. The frequency of load- 
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Fic. 8.—Average Stress versus Number of Cycles to Failure. 
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ing was approximately 200 cycles per 
min. The load on a specimen was indi- 
cated by a dynamometer which had been 
calibrated for static loads. The dy- 
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A total of 109 specimens were tested 
in fatigue. In general, at least 7 specimens 
of each material were tested in zero to 
tension cycles of loading. Three or more 


Fic. 9.—Typical Fractures of Fatigue S nS. 


namometer was checked for the nor- 
mal frequency of the machine. During 
each fatigue test, the load on the 
specimen was checked at least every 12 
hr. A limit switch was provided to shut 
off the machine when a specimen failed. 


ranges of loading were considered for 
each steel, except for the rimmed steel. 
Duplicate specimens were usually tested 
at each range of loading. When the re- 
sults of duplicate specimens differed 
appreciably, a third specimen was tested 


An nei 
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at the same range of loading. Each steel _ results obtained for the preceding ranges 
was tested at a 0 to +31,500 psi range of of loading. For 12 of the 15 steels, a 0 to 
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Fic. 10.—Summary of Curves Relating Average Fatigue Lives with Stresses, Ratios of Stresses 
and Estimated Strains. 


stress. The other ranges of stress differed +27,000 psi range of stress was also con- 
for each material and depended on the _ sidered. In general, all specimens were 
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subjected to a continuous cycle of loading residual compressive strains existed in 
except for the very short intervals of the central portion of these specimens 
time when the load was being checked. due to the post-heating operations. Addi- 

The results of the fatigue tests are tional evidence that such strains existed 
given in Fig. 8. For each test, the average was obtained from the measurements of 
stress on the net-section was plotted strains taken during the static tension 
versus the number of cycles to failure. tests and the fatigue tests. In the vicinity 
For each material, an estimate was made ofa hole, the residual compressive strains 
of a single curve considered to be the reduced the tensile strains caused by 
best fit for the data obtained. In general tension loads. Typical fatigue cracks for 
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Fic. 11.—Fatigue Lives versus Ultimate Strengths and Yield Strengths. 


each curve was drawn through the com- the different types of steels are shown 
puted average of the fatigue lives ob- in Fig. 9. 
tained at each value of average stress. 
The curves of Fig. 8 are grouped in ac- 
cordance with the kinds of steel and the A study of the fatigue results was made 
tensile strengths. Two groups are given to determine the relative advantages of 
for the low-alloy steels. A tensile strength the various steels for resisting fatigue 
of 75,000 psi was selected for distinguish- loadings and to determine whether the 
ing between the latter groups of curves. fatigue strengths were related to the 
No difficulties were encountered in de- mechanical properties or the stress-strain 
fining failure of the various specimens characteristics of the steels. A study was 
except for some of the post-heated speci- also made to determine whether the 
mens. For the latter specimens, N and O, fatigue lives of the various steels were 
the cracks slowly progressed across the related to the maximum strains at the 
widths of the specimens indicating that edges of the holes. The results of these 


STUDIES OF THE FATIGUE RESULTS 
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studies are summarized in Figs. 10, 11, 
and 12. 

Figure 10(a) shows that the fatigue 
lives for a given stress on the net-section 
differed for the various steels. The differ- 
ences in the fatigue lives of the various 
steels were most marked at the lower 
ranges of loading. The average fatigue 
life for a given stress on the net-section 
was less for each of the carbon steels than 


Material G apparently had a marked ad- 
vantage over the other steels in resisting _ 
fatigue loadings. 

Figure 11(a) shows the influence of the 
ultimate strengths on the fatigue lives of 7 
the various steels. For each steel, the 
ultimate tensile strength is plotted versus 
the average fatigue life for a stress of 
31,500 psi. The plotted values were ob- 
tained from the results of the coupon 
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for any of the other steels except A and 
D. It is believed that the fatigue 
strengths of A and D were influenced by 
the surface roughnesses of these steels. 
The surfaces were very rough as com- 
pared to those of the other steels. The 
average fatigue lives for a given stress 
on the net-section were greater for the 
silicon steels with post-heated edges than 
for the silicon steels with machined edges. 


“ye. 


tests and from the curves drawn in Fig. — 
10(a). A trend was observed in the 
fatigue characteristics of the various 
steels. The trend was for the steels with 
the higher ultimate strengths to have 
higher fatigue strengths. 

Ratios of fatigue strengths to static 
strengths are plotted in Fig. 10(6) for 
the various fatigue lives of the 15 steels. 
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the ratios for the various steels ranged 
between 0.39 and 0.56. The ratios ranged 
between 0.32 and 0.47 for failure at 
1,000,000 cycles of loading. 

The relationships between the yield 
strengths and the fatigue characteristics 
of the 15 steels are shown in Fig. 11(6). 
For each steel, the yield strength is 
plotted versus the average fatigue life 
for a stress of 31,500 psi on the net-sec- 
tion. The plotted values were obtained 
from the stress-strain diagrams and from 
the S-N diagrams. As for the diagram 
relating fatigue strengths with ultimate 
strengths, Fig. 11(6) shows a trend in 
the fatigue characteristics of the various 
steels. The trend was for the steels with 
the higher yield strengths to have higher 
fatigue strengths. The plotted values for 
the various steels, except A and D, were 
within the band indicated in the figure. 
On the basis of this figure, it can be stated 
that the fatigue strengths of the various 
steels were as closely related to the yield 
strengths as to the ultimate strengths. 
Relationships between the fatigue lives 
and the corresponding ratios of the aver- 
age fatigue strengths to the yield 
strengths are given in Fig. 10(c). For 
failure at 300,000 cycles of loading, these 
ratios ranged between 0.66 and 0.91. The 
ratios for failure at 1,000,000 cycles of 
loading ranged between 0.47 and 0.77. 

For each specimen tested in fatigue, an 
estimate was made of the maximum 
strain at the edge of the hole and was 
plotted rersus the fatigue life of the speci- 
men. The maximum strains for the 
fatigue specimens were assumed to be 
the same as those obtained for the dupli- 
cate specimens tested in static tension. 
Figure 10(d) shows the average relation- 
ships which were obtained between the 
estimated strains and the fatigue lives 
of the various steels. For the ranges 
of fatigue loadings considered, the esti- 
mated strains exceeded the respective 
yield strains of the various materials. It is 
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observed that a reasonable estimate of 
strains could also have been obtained by 
means of the stress-strain curves of the 
materials and by means of the strain 
concentration curve given in Fig. 6. The 
relationships given in Fig. 10(d) indicated 
that perhaps the fatigue lives of the vari- 
ous specimens were principally related 
to the maximum strains. 

For 41 fatigue specimens, the strains 
at the edges of the hole were measured 
by means of SR-4 strain gages. Two 
gages of the A-8 type were mounted on 
the inside face of a hole and were located 
as shown in Fig. 1. For a given range of 
loading, the strains were measured dur- 
ing the first application of load, the re- 
lease of this load, and for several succeed- 
ing cycles of fatigue loading. For each 
of these specimens, the maximum strain 
occurring during the first cycle of loading 
was plotted versus the cycles to failure. 
In each case, the initial crack occurred 
on the same side of the hole where the 
maximum strain was measured. An en- 
velope of the test results is drawn in 
Fig. 12. Sufficient readings had not been 
taken to permit a curve to be drawn for 
each material. However, sufficient read- 
ings had been taken to permit curves to 
be drawn for materials G, I, K, N, and O. 
These curves are given in Fig. 12 and 
relate the maximum strains to the corre- 
sponding lives of the steels. 

A comparison of the strain-N curves 
given in Fig. 12 with the corresponding 
stress-NV curves given in Fig. 10(a) shows 
that the fatigue lives of the various speci- 
mens are more closely related to the 
maximum tensile strains on the net- 
sections than to the average stresses or 
the maximum stresses on the net-sections 
of the specimens. This may be seen by 
comparing the magnitudes of the devia- 
tion of the test data from the curves of 
averages for each material. A smaller 
degree of deviation or scatter is obtained 
when the fatigue lives are plotted versus 


maximum strains rather than versus 
stresses. A study of the curves for mate- 
rials G, I, K, N, and O shows that the 
stress-N curves differ considerably from 
each other whereas the strain-N curves 
do not differ appreciably for the various 
materials. In Fig. 12(a), the fatigue lives 
of all specimens for which strains were 
measured are plotted versus the maxi- 
mum strains. An envelope of the data is 
drawn in the same figure. The results of 
the various specimens represented in Fig. 
12(a) are plotted in Fig. 13 on the basis 
of average stresses rather than on the 
basis of maximum strains. It is observed 
that when all of the data irrespective of 
the kind of steel are plotted on the basis 
of average stresses, a random distribu- 
tion of data having no definite trend is 
obtained. However, when the data are 
plotted as in Fig. 12(a) on the basis of 
maximum strains, a relatively narrow 
band of values having a definite trend is 
obtained. 

For the ranges of fatigue loading con- 
sidered, the measured strains were not in 
the elastic range; they were in the plastic 
range and were directly related to the 
stress-strain characteristics of the mate- 
rials. Therefore, the fatigue character- 
istics of these steels were intimately 
related to the stress-strain characteristics 
of the steels in static tension. A compari- 
son of the diagrams based on measured 
strains to those based on estimated 
strains shows that the envelopes are prac- 
tically the same and that the individual 
curves are almost the same. This would 
indicate that perhaps a reasonable esti- 
mate can be made of the average 
relationship between the fatigue lives and 
maximum strains of another type of 
specimen provided the stress-strain char- 
acteristics of the steel and the strain- 
concentration factors for the given type 
of specimen are known. An inspection of 
the envelope given in Fig. 12(a) shows 
that for the higher values of strain, the 
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width of the envelope is narrow and the 
slope is steep. It is observed that for 
values of strain in this steep region, the 
fatigue lives for the different steels are 
essentially the same even though the 
strains are appreciably different. 

Other factors than those dealt with 
in the preceding discussion had an in- 
fluence on the fatigue characteristics of 
the different kinds of steels. For example, 
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Fic. 13.—Average Stresses versus Cycles to 
Failure. 


the surface roughnesses of materials A 
and D undoubtedly decreased the fatigue 
strengths of these steels. The residual 
compressive strains which existed in the 
post-heated specimens increased the 
fatigue strengths of the silicon steels. 
The internal structures of the steels had 
little influence on the fatigue strengths. 
The specimens of the steels having the 
same ultimate strengths but lower fatigue 


‘resistances had a fine McQuaid-Ehn 


f 
y 

n 

e 

d 

q 

d 

Ss 

d | 

42.000 
d | 

yf rT 
: al 

h | 
3 

ig 

es 
ng 
WS 

ci- 
he 

or 

ns 

by 

ia- 
of 
ler 

ed 

US 


822 

grain size. The metallographic examina- 
tion gave no other indication as to why 
the steels having the same ultimate 
strengths had different fatigue strengths. 
No relationship was obtained between 
the chemical compositions and the fa- 
tigue strengths of the different steels. 


CONCLUSIONS 


On the basis of these tests, the follow- 
ing conclusions can be drawn concerning 
the fatigue properties of the various steels 
and the relationships of these properties 
to certain variables. 

1. For the ranges of loading con- 
sidered, the initial strains at the edges 
of the hole were in the inelastic range and 
were dependent on the magnitudes of 
the yield strengths and on the shapes of 
the stress-strain curves. 

2. The fatigue lives for a given stress 
on the net-section differed for the various 
steels. These differences were most 
marked at the lower ranges of loading. 
The average fatigue lives for a given 
stress on the net-section were greater for 
all of the low-alloy steels, except A and 
D, than for the carbon steels. The aver- 
age fatigue lives were also greater for the 
silicon steels than for the carbon steels. 
Material G had a marked advantage over 
the other steels in resisting fatigue 
loadings. 

3. The fatigue lives of the various 
steels were more closely related to the 


maximum longitudinal tensile strains at 


‘ 
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the edges of the holes than to the average 
stresses or to the maximum stresses on 
the net-sections of the specimens. 

4. Other factors such as the degree of 
surface roughness and residual strains 
had a noticeable effect on the fatigue 
strengths of several steels. The internal 
structures of the various steels had little 
effect. 
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DISCUSSION 


Mr. W. Leicuton Co ttins.'—Did 
the authors observe the location of 
the fatigue cracks relative to the localized 
regions of yielding that may have oc- 
curred? 

Mr. FRANK Baron (author).—Yes. It 
is interesting that the fatigue lives of the 
specimens seemed to be identified on the 
basis of strains. We had taken measure- 
ments of the longitudinal strains on both 
sides of the holes and observed that the 
strains on the sides of the holes were not 
the same for each specimen. However, for 
each specimen the initial crack developed 
on the side where the measured strain 
was the largest. We also observed that 
the yielding occurred in the immediate 
vicinity of the cracks and developed in 
advance of the cracks as the cracks pro- 
gressed across the width of the specimen. 
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The type of specimen selected was such — 
that not much question existed as to the 
probable location of the maximum 
strains. The maximum strains should be 
expected at the net-sections of the 
specimens, and, in general, the cracks 
developed at these net-sections. 

Mr. yielding could 
be observed, was the crack adjacent to 
the yielded portion or in it? 

Mr. Baron.—I would say that the - 
cracks were in the yielded portions. This : 


was most marked as the yielded portions 
and the cracks developed across the 
specimens. 

Mr. B. J. LAZAN.2—Were the authors 7 
able to observe the initiation and propa- 
gation of the fatigue cracks during the ; 
test program? If so, how rapidly did the 
cracks progress after initiation? 


2 Professor of Materials Engineering, University of — 
Minnesota, Minneapolis, Minn. 
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Mr. Baron. —At the beginning of the 
test program, we spent considerable time 
trying to observe how quickly a crack 
would progress across the width of a 
specimen. We had microswitches to shut 
off the fatigue machine as soon as a 
certain slip or total stretch would occur. 
Fortunately, the arrangement was suffi- 
ciently sensitive to shut off the machine 
before a crack developed across a speci- 
men. For several specimens we also ob- 
served the formation of a crack before the 
crack had developed sufficiently for the 
machine to be shut off. In general, after 
a crack was initiated the crack progressed 
across the width of a specimen in about 
10,000 to 25,000 cycles of loading. 

However, difficulties were encountered 
in defining failure for specimens N and 
O. These groups of specimens were of 
silicon steel and had machine-cut and 
post-heated edges. For these specimens a 
considerable number of cycles, perhaps 
1,000,000, was required for a crack to 
develop sufficiently far across the width 
of a specimen in order for us to stop the 
test. In conclusion, the cracks progressed 
very quickly after they were initiated, 
except for specimens N and O. 

Mr. S. Epstein.—This work has 
shown very clearly that the higher 
strength steels gave higher fatigue test 
results. This was true for the specimens 
in which the holes were left unfilled. Now 
let us consider the case where the holes 
are filled with rivets having high clamp- 
ing power. The unfilled holes acted as 
notches, as evidenced by the fact that 
the cracks in the fatigue specimens all 
started at the holes. After the holes are 
filled with rivets of high clamping power, 
however, the rivet holes would be bridged 
over by the rivet heads so that the holes 
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would no longer act as notches. In this 
case then, should we not expect the high- 
strength low-alloy steels to show an even 
greater advantage over plain carbon steel 
than was shown in the present tests with 
the unfilled rivet holes? 

Mr. Baron.—This may be hoped for 
but may not be obtained. We may obtain 
different results for riveted joints than 
we had obtained for the specimens with a 
hole. Further, we may obtain still dif- 
ferent results for specimens in the form of 
bolted joints. We already have tested 
some materials in the form of bolted 
joints. The joints were fastened with 
high-strength bolts torqued to a high 
tension. The joints did not fail after 
3,000,000 cycles of a zero to 40,000 psi 
range of stress on the net-sections of the 
joints. 

Mr. Paut Kuun.*—Do the higher 
strength steels show any advantage in 
fatigue if they are compared on the basis 
of stresses adjusted in proportion to the 
static strength? 

Mr. Baron.—Ratios of fatigue 
strengths to static strengths and of 
fatigue strengths to yield strengths were 
plotted for the various fatigue lives of 
the steels. These plots are given in Figs. 
10 (6) and (c), respectively. Interpreta- 
tions of advantages or disadvantages 
based on these plots can be misleading 
for design purposes. In the design of 
structures fabricated of the various steels 
different tension:shear:bearing ratios 
would probably be selected for the vari- 
ous steels. This could influence the pro- 
portioning of members and result in 
different dead load to live load ratios for 
the various kinds of steels. Consequently, 
the relative advantages of the various 
steels would be different for various 
structural types and service conditions. 


4 Assistant Chief, Structures Research Division, 
NACA, Langley Field, Va. 


ELEVATED TEMPERATURE FATIGUE PROPERTIES OF SAE 4340 STEEL* 


= 


For steel there is little published information on the effect of mean stress on the 
axial loading fatigue properties and on the fatigue notch sensitivity and dynamic 
creep effects at elevated temperatures. These properties of SAE 4340 steel were de- 
termined over the temperature range from room temperature to 1000 F. 


MATERIAL AND PROCEDURE 


The test material used was rolled 1}-in. 
diameter bars, all from the same heat 
of SAE 4340 aircraft quality steel, con- 
forming to Military Specification MIL-S- 
5000A, with the following analysis: 


0.79 
0.77 
Molybdenum, per cent................ 0.27 


Cylindrical unnotched fatigue speci- 
mens were rough machined within in. 
of the finished dimensions and heat 
treated as follows: 1575 F for 1} hr, 
quenched in oil, tempered at 1150 F for 
14 hr and air cooled. It is realized that, 
even for about the same hardness, treat- 
ments for SAE 4340 steel other than 
quenched and tempered may produce 
better properties at the higher tempera- 
tures, such as about 1000 F and higher. 
The specimens were given as nearly 
identical heat treatments as possible. 
Although there were several batches be- 


* Presented at the Fifty-sixth Annual Meeting of the 
Societ iety, 28-July 3, 1953. 
aterials Laboratory, Directorate of Research, 
Wright Air — Center, Wright- Patterson Air 
Force Base, Ohio. 


By W. J. Trapp! anp R. T. ScHwartz! 


SYNOPSIS 


cause of the limited capacity of the fur- 
nace, the hardness produced was within 
two points Rockwell C for all specimens. 
After heat treatment, the unnotched 
specimens were turned to 0.400 in. diame- 
ter in the gage length of 1? in. with 
1 in.-14 NF-3 threaded gripping ends 
(Fig. 1(A)). The threads were ground to 
aid in proper alignment of the specimens 
in the fatigue machine. All tool marks in 
the gage section of the specimens were 
removed by hand polishing. A surface 
finish of about 10 microinches was pro- 
duced. The notched fatigue specimens 
were similarly heat treated and ma- 


‘chined, except for the gage section, which 


was turned to 0.450-in. diameter and in 
which was machined a 60 deg circum- 
ferential groove, 0.025 in. deep with a 
0.01-in. radius at the bottom (Fig. 1(B)). 
The groove was not polished since micro- 
scopic examination showed the surface 
finish of the groove to be comparable to 
that of the unnotched specimens. The 
tension and the creep-rupture unnotched 
and notched specimens were exactly the 
same as the fatigue specimens, except 
for the threaded ends for gripping, 
which were smaller. 

Fatigue tests were conducted in axial 


loading at room temperature, 600, 800, 


— | 
| 


0.010 Rad 
63 
_ A and B = Fatigue and stress-rupture. C and D =Creep rupture. 


Fic. 1.—Test Specimens. 


_~ Furnace Stand 
Dynamometer 3 


Creep Recorder | 


Fic. 2.—Equipment for Elevated Temperature Fatigue Testing. 


72° 
| 
4505 0.400" I"-14.NF 
= 


and 1000 F in a 20-ton Schenck fatigue 
testing machine? (Fig. 2). The frequency 
of the cyclic loading was in a small range 
of frequency slightly above 2000 cycles 
per minute. This range of frequency is 
due to the fact that for this type fatigue 
machine the amplitude of the cyclic load 
is controlled by varying over a small 
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were processed very carefully in cutting 
the thread and facing the ends as ac- 
curately as possible, so that negligible 
bending stresses would be applied to the 
specimen by tightening the nuts. 

The stress distribution in the gage sec- 
tion of each specimen was checked stati- 
cally with Huggenberger extensometers 


TABLE I.—TENSILE, CREEP-RUPTURE, AND Epsaaee Fecranrins OF SAE 4340 STEEL, UNNOTCHED 


Tensile Properties Axial Loading Fatgue Strength at 15 X 10¢ Cycles 
Creep- Other Stress Ratios, 
Yield Reduc-| Strength, | ‘Tensi 
on, juc- ‘ension 
Temperature, tion tion of | at 120 hr, 0 to Max 
deg Fahr pst per cent Diam.,| Area, psi ‘A = 1), Mean 
Offset, centiper cent psi psi Stress, 
psi 
Room......... 158 500 | 146 900 15.0 52.4 are +115 000 | +70 000 | 0.25 | +120 000 | +25 000 
c eee 152 800 | 121 400 19.3 59.0 145 000 +96 000 | +64 000 | 0.50 | +80 000 | +40 000 
Re 125 000 | 101 500 16.3 67.9 104 000 +82 000 | +60 000 | 0.32 | +95 000 | +30 000 
80 700 62 600 20.6 8.6 40 000 65 000 | +39 000 | 0. +40 000 | +20 000 


TABLE II.—TENSILE, CREEP-RUPTURE, AND FATIGUE. PROPERTIES OF SAE 4340 STEEL, NOTCHED 


Creep- 
Tensile Properties strength at Axial Loading Fatigue Strengths at 15 X 10¢ Cycles 
20 hr 
Strength 
reng 
Other Stress Ratios 
T Ultimat Reduc- Stati Creep- ard Tension pletely Factor, Kt 
|Strenath,| ion, Of] | Rupture |Notch| 0 to Re- 
cam eg |Strength, rea, — Strength F (A = 1),| versed Ten Com- 
PS! cent actor psi tor psi =), sien @ pletely Mean | Alter- 
P to Re- A Stress, | ating, 
versed psi Stress, 
1) |4= psi 
190 000 $3.3 0.83 nda +57 500 | +30 000} 2.0 2.3 0.04 |+150 
176 000 | 17.2 0.87 173 000 | 0.84 +43 000 | +25 000} 2.2 2.6 | 0.10 |+120 000)+12 500 
154 900 24.3 0.81 120 500 | 0.87 | +49 000 | +28 000 a.7 » S| 0.26 | + +19 000 
98 400 33.2 0.82 33 000 | 1.21 | +37 500 | +26 000 1.4 1.5 0.50 | +28 000)+-14 000 


range the speed of an eccentric which 
excites the dynamic loading spring. The 
specimen grips were made of relatively 
low heat-conducting material, Inconel 
X. They were water cooled in order to 
avoid the influence of temperature on the 
dynamometer, loading spring system, 
and the creep measurements. The speci- 
mens were fitted with lock nuts, which 


2 “Six Ton Schenck Fatigue Testing Machine,” Air 
Force Technical Report No. 5623, August 15, 1947. 


> 


before starting each test. The maximum 
deviation from the average strain was 
found not to be higher than 2 per cent. 
A more thorough check was conducted 
with SR-4 strain gages on a specimen 
picked at random. Three gages were 
mounted at each end of the gage section 
on its periphery 120 degrees apart. The 
maximum deviation in the periphery of 
one end was found to be 1.4 per cent, in 
the other end 1.6 per cent. The differ- 


| 


_ type provided with three separate heat- 
_ ing coils in order to control temperature 
distribution in the axial direction. The 
temperature gradient over the gage 
length of the specimen was maintained 
within +5 F at 1000 F; the horizontal 
arrangement of the furnace in the fatigue 
machine aids in attaining a uniform 
temperature. The temperature control 


_ ture was maintained closely, and temper- 


system, comparative deflection measure- 
ments with Huggenberger extensometers 
on the gage section of a specimen at 
various loads indicated that the creep in 
the specimen was obtained with an ac- 
curacy of 1 per cent. To determine the 
creep strain in the specimen from the 
deflections, it was necessary to determine 
the effective gage length, taking into 
consideration the creep in the fillet sec- 
tion of the specimen. The effective gage 
length was calculated by assuming a 
hyperbolic sine creep function’ and by 
using a graphical integration of strain 
over the straight section and fillet section 


TABLE III.—CREEP-RUPTURE DATA. 


Unnotched Specimens 


Notched Specimens 


__ thermocouple was fixed to the specimen 
itself. In this way, the desired tempera- 


| Elon- | | | | 
Temp- | Rup- ; Reduc- | Temp- | Rup- | Reduc- 
Specimen [¢tature, Rupture | ture tion of erature, | | ture | tion of 
pe Stress, psi) Time, Dien | Area, pe deg -_" | Time, | Area, 
Fahr hr per cent | Fahr hr _|per cent 
hehe wid 600 144 000 176.5 15.0 | 53.2 No. 10... 600 172 000 | 200.0 11.7 
No. 2 600 146 500 35.7 15.5 57.2 | a 600 185 500 | 0.25 14.0 
No. 3 600 151 000 0.25 17.5 61.3 ae 600 | 175 000 39.0 11.9 
< No. 4 800 101 800 181.8 20.5 64.2 c( ' _eer 800 120 000 100.0 25.7 
— NoS 800 109 000 30.5 22.6 71.9 No. 14. ‘ 800 126 000 42.0 25.5 
No. 6 800 118 000 2.3 16.8 71.7 | No. 15. -| 800 | 140 000 2.3 27.0 
No. 7 1000 43 000 84.5 32.4 30.2 No. 16. -- 1000 | 35 000 65.0 6.4 
7 No. 8 1000 46 000 17.8 42.0 55.5 | No.17.........) 1000 | 50000 9.3 8.2 
No.9 1000 52 000 9.0 31.5 | es o. 18 | 1000 | 60 000 | 5.5 8.3 


ature change in the specimen—for in- 
stance, that due to heat generation by 
damping in the material—was balanced 
out without overshooting. A Leeds and 
Northrup Micromax recording controller 
controlled the testing temperature with 
an accuracy of +2 F. 
The dynamic creep measurement was 
q accomplished by measuring the gripping 


head travel. The movement of the head 
_ was transferred to a leaf spring from 
_ which the deflection was picked up by 
_ wire gages, amplified, and recorded on a 
specially modified Brown Electronik Re- 
corder. This equipment permitted meas- 
urement of head travel with an accuracy 
of 0.0001 in. Although the measurement 
included any deflection of the gripping 


of the specimen. This procedure was 
conducted for each specimen. The range 
of the effective gage lengths was between 
approximately 110 and 130 per cent of 
the actual machined gage length. 

The stress-rupture tests were con- 
ducted in Baldwin-Southwark stress- 
rupture testing machines, 20,000-lb 
capacity, equipped with automatic creep- 
time recorder. For determination of creep 
strain from the recorded elongation, the 
effective gage lengths were determined as 
described above. The elevated tempera- 
ture tension tests were conducted in a 
standard universal testing machine 
equipped with a furnace and temperature 
Neuber, “Theory of Notch Stresses,” The David 


W. Taylor Model Basin, Translation 74, United States 
Navy, November, 1945. 
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ence between the average stresses in the 
peripheries of the two ends was found to 
be 0.7 per cent. The furnace was a split 
a 
f. 
= 
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controls. Stress-strain curves were ob- and notched specimens, respectively. It 
tained using Baldwin-Southwark exten- will be noted that a life of 15 xX 10° 
sion arm autographic extensometers cycles, in these tests, corresponds in time 
mounted on the gage length of the to 120 hr. The 120-hr stress-rupture 
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Fic. 3.—Alternating Stress-Mean Stress ape at Various Temperatures for a Life of 15 X 10° 

Cycles, Unnotched Specimens. 
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Fic. 4.—Alternating Stress-Mean Stress Diagrams for Different Lifetimes at Room Temperature, 
Unnotched Specimens. 


specimens. At least three tension speci- values were interpolated or extrapolated 
mens were tested at each temperature from stress versus time to failure curves 
and the results averaged. plotted from the actual test data given 
in Table IIT. 

The fatigue test results are presented 

The tensile, 120 hr stress-rupture, and in the form of alternating mean stress 
fatigue strengths at 15 X 10° cycles are diagrams for the different stress ratios 
given in Tables I and II for unnotched and lifetimes from 10‘ to 15 xX 10° 


RESULTS AND DISCUSSION 
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cycles (Figs. 3 to 11). Throughout this 
paper, the stress ratio used is indicated 
as A, defined as the alternating stress 
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diagrams were derived from the experi- 
mentally determined stress-cycle curves, 
one for each stress-ratio, temperature, 


{ 
—™ 
80000 — 
a oS ‘ 
o 
15x10® — 
= 40000 
2 
40000 80000 120000 160000 


Mean Stress, psi 


Fic. 5.—Alternating Stress - Mean Stress Diagrams for Different Lifetimes at 600 F, Unnotched 


S 
\ 


Specimens. 
4 
80000 
104 
a 
a 10® 
? 
40000 — 
40000 


Specimens. 


divided by the mean stress. The stress 
ratios used were chosen so as to produce 
the most accurate alternating-mean 
stress diagrams possible with the limited 
number of specimens available. These 


80000 125000 


Mean Stress, psi 
Fic. 6.—Alternating Stress- Mean Stress Diagrams for Different Lifetimes at 800 F, Unnotched 


and notched or unnotched condition. 
These stress-cycle curves are not given, 
due to lack of space. However, there is a 
point to be noted in connection with 
these elevated temperature stress-cycle 


Jd 
¥? 
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Fic. 7.—Alternating Stress - Mean Stress Dia- 
grams for Different Lifetimes at 1000 F, Un- 
notched Specimens. 


curve undoubtedly continues to drop, 
due to creep effects, and even for other 
elevated temperature conditions, it has 
not been established that these values 
are endurance limits. 

In constructing the room temperature 
alternating-mean stress diagrams for 
zero ordinate, the ultimate tensile 
strength was plotted as the abscissa. 
However, at elevated temperatures, be- 
cause of creep, stress-rupture strengths 
were plotted instead, for lifetimes equal 
to the corresponding fatigue curve, such 
as 120 hr for 15 X 10° cycles, and cor- 
respondingly shorter times for the 
curves for 10®, 10°, and 10* cycles. For 


40000 
i 
40000 80000 120000 160000 200000 


Mean Stress, psi 
Fic. 8.—Alternating Stress-Mean Stress Diagrams at Various Temperatures, for a Life of 15 X 10° 


Cycles, Notched Specimens. 
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Fic. 9.—Alternating Stress-Mean Stress Diagrams for Different Lifetimes at Room Temperature, 


Notched Specimens. 


curves. Although, for steel at room tem- 
perature, the fatigue strength at about 
10’ cycles is the endurance limit, it 
should not be assumed that the elevated 
temperature fatigue strengths at 15X 
10° cycles reported in this paper are 
endurance limits. Tests were not carried 
beyond this point, but for sufficiently 
high temperature and mean stress, the 


the notched condition, the ultimate 
tensile strength and _ creep-rupture 
strengths for notched specimens were — 
used for the points on the alternating- — 
mean stress diagrams. 

Nondimensional diagrams were con- 
structed from the alternating-mean 


Sa 
stress data by plotting 5, 3s ordinate 


| 
| 
i= 


$32 


versus Pa as abscissa. The 45-deg straight 


line from an ordinate of 1 and an ab- 
scissa of 0 to an abscissa of 1 and an 
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and for specified mean stress S,, ; S, is 
the experimental fatigue strength at the 
same life time for completely reversed 
stressing; and S, is the experimental 


80 000 
a 
40000 10* 
= 10% 
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40000 80000 120000 160000 200000 
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Fic. 10.—Alternating Stress - Mean Stress Diagrams for Different Lifetimes at 600 F, Notched 
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' Fic. 11.—Alternating Stress - Mean Stress Diagrams for Different Lifetimes at 800 F and 1000 F- 


Notched Specimens. 


ordinate of 0, is a modified Goodman 
straight-line relationship with the equa- 
tion: 

Se 


where S, is allowablealternating stress for 
specified lifetime or number of cycles 


static stress-rupture strength, or tensile 
strength at room temperature, for speci- 
fied lifetime converted to hours. All the 
fatigue data for the unnotched condition, 
for all lifetimes covered at all tempera- 
tures, are above this straight line. The 
data at 1000F are the farthest above 
this line. For the notched condition, all 


— 


the data at all temperatures for 15 x 10° 
cycles are on or above this straight line, 
although they are closer to the line than 
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Fic. 12.—Fatigue Notch Sensitivity as Func- 
tion of Life for Various Temperatures, Com- 
pletely Reversed, A = «, 
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‘Fic. 13.—Fatigue Notch Sensitivity as Func- 
tion of Life for Various Temperatures, Ten- 
sion, Zero to Maximum, A = 1 


for the unnotched condition. However, 
for shorter lifetimes (higher stress levels), 
the data for notched specimens fall below 
the line in some nee 
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* Hyperbolic Sine Creep Law,” 


Fatigue notch sensitivity as a function 
of life, temperature, and stress ratio is 
shown in Figs. 12 to 14. The notch sen- 
sitivity index employed is defined as: 

K:- 1 

Ky —1 
where K; = fatigue strength reduction 
factor and ,, is the “technical” stress 
concentration factor, derived from H. 


20 


600F. 


15 
/ 8008, 
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05 10 Ax Strese o 
#10 fe) R= Minimum Stress -10 


imum Stress . 
Fic. 14.—Fatigue Notch Sensitivity as Func- 


tion of Stress Ratio for Various Temperatures — 
at a Life of 15 X 10° Cycles. 


Neuber’s “Theory of Notch Stresses.’ 
The factor g’ was used, based on Ky, 
rather than the factor g, based on K;, 
because the value of Ky, a corrected 
factor which takes into consideration the 
effect of the flank angle, comes closer to 
the actual fatigue reduction factors found 
in the investigation (see Table II) than 
K;,,, which is the theoretical elastic stress 
concentration factor. For the notch used 
in this investigation (Fig. 1) K,, = 1.8 
and the corresponding theoretical stress 
concentration factor K, = 3.3; therefore 
qisq’ X 0.348. 


4A. Nadai, “The Influence of Time upon Creep. The 
Stephen Anni- 
Volume, Macmillan Co., New York, N. Y 
1938 


» p. 155 


= 
= 
F- 
le 
he 
n, 
a- 
he 
ve 
all 


834 fay 

Figures 12 and 13 show the notch 
sensitivity, g’, as function of life (or 
stress level) for the two different stress 
ratios A = © and A = 1. For the stress 
ratio A = ©, Fig. 12, the notch sensi- 
tivity was a maximum at 800F and 
1000 F at a stress level corresponding to 
a life or number of cycles between 10° 
and 10°. However, at room temperature 
and 600 F the notch sensitivity continued 


16 
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ent temperatures at 15 X 10° cycles. 
The trend is decreasing notch sensitivity 
with decreasing stress ratio at all tem- 
peratures tested with the exception be- 
tween A = © and A = 1 at 1000F. 
The peak of notch sensitivity was at 
stress ratio A = © for all temperatures 
except for 1000 F. 

In Figs. 15 and 16 a few creep curves 
are presented. The curves in Fig. 15 for 


S¢*52000 psi 
A=O per cent, 


Sm * 50 000psi 
Smae 63 OOOpsi 
A=0.26 €=/6per cent 


Creep per cent 
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max PS! Smax *68 500psi 
f€=4 per cent | 
Smox*40 000psi 
A-o =Q/per cent 
=) 2 4 6 


Time, hr. 
Fic. 15.—Creep-Time Diagrams at 1000 F, Unnotched Specimens. 


to rise up to the maximum number of 
cycles tested. The highest values of 
notch sensitivity were at 600 F, except 
for the highest stress level corresponding 
to lives or numbers of cycles up to about 
10° where the notch sensitivity was 
higher at 800F. For the stress ratio 
A = 1, Fig. 13, a maximum appears to 
be reached for all temperatures, at from 
10° to 10° cycles. The notch sensitivity 
is greatest at 600 F, except below 10° 
cycles, where the curve for 1000F is 
highest. Figure 14 shows the influence of 
stress ratio on notch sensitivity at differ- 


various stress ratios all at 1000 F, show 
that creep is dependent on mean stress 
rather than maximum stress. At a suffi- 
ciently high mean stress, the type of 
creep curve changes from one that pro- 
duces relatively little creep in the second 
stage and practically no third stage creep 
at all, to one that is typical of static 
creep time curves. In the former case, 
there is an abrupt change from second 
stage creep to the typical fatigue type 
failure. In the latter, a stress-rupture 
failure is obtained. At lower tempera- 
tures, this change in the type of creep 
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curve does not occur until the stress is 
close to the yield strength. In static 
stress-rupture tests, unnotched speci- 
mens, it is noted from the data in Table 
III that for the temperatures below 
1000 F, the rupture stresses are about 
equal to, or higher than, the short-time 
yield strength at these temperatures. The 
percentage strain values shown in Figs. 
15 and 16 are the elongations of the 
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cept for stress-rupture strength at 1000 F. 
These factors below 1.0 indicate good 
ductility under these conditions. It will 
also be noted from Table III that the — 
reduction of area values of notched — 
stress-rupture specimens are lowest at 
1000 F, corresponding to the conditions — 
for the highest notch factor. This in- 
vestigation was conducted on steel | 
quenched and tempered to 160,000 psi 


Time, hr 
Fic. 16.—Creep-Time Diagrams, Unnotched Specimens. 


failed specimens. The elongation is neg- 
ligible for completely reversed stressing, 
even at 1000 F, is small for those cases 
where third stage creep is negligible, and 
is large when the creep curve is similar 
to the static condition. 

The ratios, K;, of the experimentally 
determined fatigue strength at 15 x 10° 
cycles of unnotched specimens to that of 
notched specimens are all well above 1.0. 
However, the comparable values for 
tensile strengths and 120-hr creep- 
rupture strengths are all below 1.0, ex- 
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tensile strength. The same steel, tem- 
pered to 208,000 and 125,000 psi tensile 

strengths, is now being investigated and — 
will be reported on in subsequent papers. | 


SUMMARY AND CONCLUSIONS 


Alternating mean stress diagrams for 
SAE 4340 steel of 160,000 psi tensile 
strength were presented for unnotched 
and notched specimens for 10* to 15 X 


- 10° cycles at room temperature, 600, 800, 


and 1000 F. Tensile and stress-rupture 
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properties on corresponding specimens at 
these temperatures were also obtained. 

Within the temperature range in- 
vestigated, the fatigue strengths for un- 
notched specimens decrease as the tem- 
perature increases at all stress levels 
and stress ratios. The fatigue notch 
sensitivity is dependent upon tempera- 
ture, stress level and stress ratio, but no 
generally valid correlations were found. 
The temperature at which highest fa- 
tigue notch sensitivity was shown, was 
at 600 F. However, the stress-rupture 
notch sensitivity was greatest at 1000 F. 

Creep is more dependent upon mean 
stress than upon maximum stress. The 
failure characteristics change from pure 
fatigue to pure creep as the stress ratio 
decreases from A = © to A = 0 at 
elevated temperatures. Two distinct 
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types of creep-time diagrams were ob- 
tained for high and low stress ratios. 

At elevated temperatures appreciable 
creep occurs under dynamic loading at 
all stress ratios except A = . At stress- 
ratio A = © the ultimate failure is pure 
fatigue, but at all other stress ratios the 
ultimate failure may be fatigue or creep 
depending upon the relative magnitude 
of the effects of stress, temperature, and 
time. 

Where creep is involved at elevated 
temperatures, fatigue life is dependent 
not only on the stress and number of 
cycles, but also on time. Therefore, the 
speed of loading (cyclic frequency) must 
be considered at elevated temperatures 
since it determines the length of time in 
which creep may occur. 


DISCUSSION 


Mr. J. M. Lessetts.'—This is an 
interesting paper since it deals with the 
effect of notch sensitivity in the blue 
brittle range. From work published by 
the Mond Nickel Co.’ on special alloys 
it was found that under a combination 
of mean stress and a variable stress the 
maximum stress sustained by the mate- 
rial at different elevated temperatures 
was always in excess of the rupture 
strength for that particular temperature. 
The comparison was made on the basis 
of a similar time period for the fatigue 
and rupture tests. Comments by the 
authors on this aspect would be of 
interest. 

Mr. T. J. Dotan.*—I should like to 
ask two questions of the authors. First, 
since the Schenck machine did not have 
a “load maintainer,” I am wondering 
what method was used to readjust the 
machine to maintain the mean stresses 
shown in the alternating stress-mean 
stress diagram; or was the machine re- 
adjusted during the test at all? 

Second, what value was plotted to 
obtain the abscissa on the alternating 
stress-mean stress diagrams at A = 0, 
that is, the mean stress value with no 
accompanying alternating stress. Was 
this the short-time tensile strength or a 
creep-rupture stress for some particular 
time? If so, does this time correspond 


1 Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 

* Mond Nickel Co., “The Nimonic Series of Alloys— 
Their Application to Gas Turbine Design, London (1949). 

* Head, Department of Theoretical and Applied Me- 
chanics, University of Illinois, Urbana, III. 


with that involved in the fatigue test? 
It always raises the question as to just 
what is the significance of rupture 
strength at elevated temperature under 
steady stress and whether values should 
be based on the original cross-sectional 
area, the necked-down cross-sectional 
area, or whether it should be prescribed 
by some lifetime over which the test is 
to be significant? 

Mr. B. J. Lazan.A—In computing 
what value of Neuber’s p’ was used? Was 
one of Neuber’s constants used or was 
it otherwise determined? 

Mr. E. J. Warp (presented paper for 
authors)—In answer to Mr. Lessells’ 
question about the work of the Mond 
Nickel Co., this effect has been found 
in some cases of heat-resisting alloys 
under conditions of high mean stresses 
and low alternating stresses. I think 
Mr. Lazan has found that same condi- 
tion in his work. 

In answer to Mr. Dolan’s first question 
about the load maintainer, the load was 
adjusted during the test. Of course, in 
most of the work there was no creep 
involved, that is, in all the lower tem- 
peratures, and the stress ratio A = ~, 
so we did not have to worry there. 
However, under the conditions where 
creep did occur we periodically read- 
justed the static load by taking up on 
the screw protruding from the end of 


4 Professor of Materials Engineering, University of 
Minnesota, Minneapolis, Minn. 

5 Chief, Fatigue Section, Structural Design Data 
Branch, Materials Laboratory, Directorate of Research, 
Wright Air Development Center, Wright-Patterson Air 
Force Base, Ohio. 
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the machine which controls the static 
load. 

In regard to the second question as 
to which value we used in plotting our 
alternating stress-mean stress diagrams, 
at A = 0, we used the creep-rupture 
value at that temperature for 120 hr. 
We obtained that by testing several spec- 
imens in creep and interpolating or ex- 
trapolating as necessary, to get the stress 
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for rupture in 120 hr. We felt this was 
the proper way to do it, and we chose 
120 hr as that is the time it takes our 
machine to reach 15 X 10* cycles, which 
was used as the endurance limit in the 
tests. 

In answer to Mr. Lazan’s question, 
in using p’ we did use Neuber’s value 
there. 
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DAMPING, ELASTICITY, AND FATIGUE PROPERTIES OF UNNOTCHED 
AND NOTCHED N-155 ALLOY AT ROOM AND ELEVATED 


TEMPERATURES* 


By L. J. Demer! anp B. J. Lazan! 


SYNOPSIS 


Data are presented on the dynamic properties of N-155 alloy under rota- 
ting bending stress. Results of tests on unnotched and notched specimens at 
room temperature, 1350 F, and 1500 F are included. Existence of a cyclic 

- stress sensitivity limit for damping at all three temperatures is shown. Damp- 
ing of notched specimens is discussed in relation to the volume of material 
effective in dissipating resonant vibration energy. Dynamic stress-strain data 
for unnotched specimens and stress-deflection data for notched specimens are 
presented. Changes in vertical deflection and runout for the notched speci- 
mens are associated with the first evidence of the formation of a fatigue crack. 
Curves for number of cycles to. first evidence of crack plotted against stress are 
compared with the usual S-N fracture diagrams. Fatigue’ strength reduction 
factors are determined from both the fracture and first-evidence-of-crack data. 
The latter values are found to be nearly independent of the number of fatigue 
cycles. Use of the damping of notched specimens as a possible criterion for the 
notch sensitivity of materials in fatigue is discussed. 


3 


Interest in the dynamic properties of 
materials stems from two distinctly dif- 
ferent points of view. The rapid pace of 
development of new propt'sion engines 
and other similar applications requires a 
better understanding of the properties of 
the component materials under severe 
dynamic conditions and over wide tem- 
perature ranges. Furthermore, the desire 
for a more thorough understanding of 
the fundamental properties of materials 
demands knowledge of the changes oc- 
curring in the damping and elasticity 
properties during continued alternating 
stressing and of their relationship to 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Research Fellow and Professor of Materials Engineer- 
ing, respectively, University of Minnesota, Minneapolis, 

on. 


notch sensitivity, fatigue damage, crack 
propagation, and ultimate fracture. 
General relationships existing among 
damping, elasticity, and fatigue in design 
considerations have been discussed previ- 
ously (1).? More recent work (2) attempts 
to provide a method for predicting the be- 
havior of a member under resonant con- 
ditions from the material’s dynamic prop- 
erties together with the cross-sectional 
and longitudinal stress conditions on the 
part. In another study (3), an analytical 
method for determining the internal 
damping of machine members from prop- 
erty data and design-loading informa- 
tion is offered. There is considerable 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 851. 
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interest in the comparative significance 
of low and high stress damping and the 
relative contribution of each to the limi- 
tation of destructive amplitudes at reso- 
nance. Before this matter can be resolved 
for all applications, the damping be- 
havior of the materials over a wide range 
of stress is necessary. 

A knowledge of the damping and stiff- 
ness behavior of materials is needed to 
further the basic understanding of fa- 


DEMER AND LAZAN 


ture, 1350 F, and 1500 F. The work was 
undertaken as a continuation of an earlier 
study of similar materials (1), and to sup- 
plement and correlate with a NACA co- 
operative study (4) on the relationship 
between the static and fatigue properties 
of this alloy. 


MATERIAL AND TEST METHOD 


The low-carbon N-155 alloy investi- 
gated was a portion of the lot of material 


TABLE I—SUMMARY OF TEST DATA. 


Room 
1350 F 1500 F 
UNNOTCHED SPECIMENS 
Static yield strength® 0.2 per ES 60 500 36 900 35 800 
Static tensile strength,® 119 000 60 200 600 
Elongation in 2 in.,* per cent............ 44.0 26.7 a 
Static modulus of elasticity,’ ps 30.0 10° 22.2 108 21.0 X 108 
Fatigue strength at 2 X 10’ a 53 000 40 000 29 000 
Ratio of FS to static tensile strength. ................ 0.445 0.665 0.650 - 
Stress at cyclic stress sensitivity limit, 34 000 26 000 25 000 
patie of stress at CSSL to FS at 2 X 1 ae CEES 0.64 0.65 0.86 
ific damping at at = we per in.* per cycle........... 0.55 2.3 3.0 
Slope of D-S line above 8.6-10.0 4.3-9.6 8.4-8.6 
Specific damping at FS at 2 X 10’ cycles, in-lb per in.* per 
cycle 30+40 15-140 10-12 
Approx. d 40 000 34 000 29 
Ratio of 2 X 10? cycles. 0.76 0.85 1.00 
Notcuep SPECIMENS 
Fatigue strength at 2 X 107 cycles, psi...................... 24 000 21 500 19 500 
Fatigue Strength Reduction Factor, re, ,at2 * 10° cycles.. 2.2 1.85 1.5 
Ratio of — hag to unnotched TS..’.................... 0.20 0.36 0.44 
Slope a 3.6 3.6 3.6 
Total aagies, De, at FS at 2 X 10° cycles, in-Ib per cycle... 0.0007 0.002 0.002 


@ Average of values reported by University of Michigan (4) 
b Average of results from tension and reflectoscope tests, Biccaty of Michigan. 


tigue failure. For this purpose, interest 
is centered in the intermediate and high 
ranges of stress from perhaps 50 to 150 
per cent of the fatigue strength. As an 
extension of interest, at least for certain 
classes of materials, it is necessary to 
include temperature as a variable. 

This paper is concerned with dynamic 
properties of the temperature-resistant 
alloy N-155 which has been used in jet 
engine turbine applications. The test pro- 
gram included rotating-bending fatigue 
tests on both unnotched and notched 
specimens performed at room tempera- 


procured by the NACA for use in a 
previously reported program (4). Details 
on the chemical composition and stock 
processing schedule may be found else- 
where (4). The static physical properties 
are given in Table I. 

The unnotched type specimen used 
was shown previously (1). The notched 
type specimen employed in these tests 
has a notch of 0.206-in. minimum diame- 
ter with a 0.010-in. root radius and 
straight sides with 60-deg included angle. 
The notch is in the center of a 25-in. 


cylindrical length of 0.55-in. diameter. 


Faticue or NorcHep AND UNNoTCHED N-155 


The theoretical stress concentration fac- 
tor, Kt, in bending is 2.6 as-determined 
by the method of Neuber (8). 
Information on the preparation of the 
specimens may be found elsewhere for 
the unnotched (4) and notched (5) speci- 
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curve, the diagrams presented are only 
approximate. Two curves are shown for 
the notched specimens at each tempera- 
ture. The solid lines indicate the number 
of cycles to fracture of the specimen. The 
dashed lines indicate the number of cy- 
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Fic. 1.—S-N Fatigue Fracture Curves for Unnotched and Notched Specimens and First-Evi- 
dence-of-Crack Curves for Notched Specimens of N-155 at Room Temperature, 1350 F, and 1500 F. 


mens. The testing machine and details of 


the test method have been described in . 


earlier papers (1,6). ———. 


= 
RESULTS AND DIscussION 
Fatigue Properties: 


Fatigue test results for both specimen 
types at the three test temperatures are 
plotted in Fig. 1. Since only a small 
number of points were obtained for each 


cles to the first evidence of fatigue crack- 
ing, as obtained from changes in the 
damping and stiffness behavior of the 
specimens. 

The approximate fatigue strength 
values at 2 X 10’ cycles, obtained from 
the curves of Fig. 1, are given in Table I. 
These indicate lower unnotched and 
notched fatigue strengths with increasing 
temperature. However, an accompanying 
decrease in the fatigue strength reduction 
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factor, K;, with temperature, for exam- 
ple, 2.2 at room temperature, 1.85 at 
1350 F, and 1.5 at 1500F, indicates a 
decrease in notch sensitivity. 

It was impossible to determine the 
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these specimens, first-evidence-of-crack 
curves are not presented for this type. 


Damping Properties: 
During the fatigue tests, microscope 
readings were taken of the horizontal 


ES. Indicates Fatigue 
Strength at 2x10" Cycles 
500 + Numbers on Curves 
identify Damping Lines 
After 102, 103,104, ete. 
t 
Cycles of Stress o/ 
50 
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Specific Damping, D 
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0.5 
Qa 
0.1 = 
0.05 F a 
= 
& 
2 0.005 + (1500 4 
71850 F Total Damping, Do 
© “Notched Room 
104 5 2 25 3 4 5 6 7 8 9 {05 


Nominal Cyclic Stress, psi 


Fic. 2.—Effect of Stress Magnitude and Constant Cyclic Stress History on Damping Energy 
for Unnotched and Notched N-155 at Room Temperature, 1350 F., and 1500 F. 


first evidence of cracking from the damp- 
ing or deflection data of the unnotched 
specimens. Since no other suitable 


method was available at the time for 
detecting the early stages of cracking in 


displacement (upon reversal of rotation) 
of a target in the end of the cantilever 
loading arm attached to the specimen. 
These readings were continued at inter- 
vals to the fracture of the specimen. 


Fe 
f» 
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Using formulas presented in Appendix I 
of another publication (5), the displace- 
ment readings were converted to values 
of total damping energy in in-lb per cycle 
dissipated by the entire specimen. The 
total damping is the energy absorbed per 
cycle by the total volume of stressed ma- 
terial. It is not a basic unit since the 
total damping for a given maximum 
stress is dependent on the stress distri- 
bution in, and size of, the specimen. At 
all three temperatures, the damping of 
the unnotched specimens is independent 
of stress history in the lower stress 
ranges. Above certain stress values, how- 
ever, a stress history effect is apparent. 

In the case of each notched specimen, 
the damping during the early part of the 
fatigue test was unaffected by the num- 
ber of cycles. Later, at a point signifi- 
cantly before fracture, abrupt changes in 
damping occurred which can be -asso- 
ciated with the appearance of macro- 
cracks in the specimen and a significant 
decrease in specimen stiffness. 

A summary of the damping data ob- 
tained is presented in Fig. 2. In the lower 


portion of the figure, the total damping - 


energy, in-lb per cycle, for the notched 
specimens is plotted as a function of the 
nominal stress at the notch roots. There 
is no effect due to stress history indi- 
cated, since the damping values prior to 
the first evidence of cracking were con- 
stant and only these values were con- 
sidered. The slope values for the notched 
curves on the log-log plot, approximately 
3.6, are independent of temperature and 
display no change in the stress range 
covered, 

All of the fatigue strengths obtained 
are indicated in Fig. 2 for comparison 
purposes. The notched specimens, at the 
two elevated temperatures, show the 
same energy dissipation at their respec- 
tive fatigue strengths. These values are 


more than twice the corresponding room. 


temperature value. 


The lowest branched curves in Fig. 2 
show the total damping energy for the 
unnotched specimens tested at 1350 F. 
The stress history effect is observed 
above a stress of approximately 26,000 
psi. Beyond this point each curve repre- 
sents the damping values obtained after 
a given number, 10?, 10‘, etc., of applied 
stress cycles. 

Specific damping energy, D, may be 
calculated from the total damping values, 
D., by means of the relationships given 
in Appendix I of (5). As used here, specific 
damping energy is the energy absorbed 
per cubic inch of material under condi- 
tions of uniform direct stress. It is the 
damping energy associated with a given 
unit stress and is expressed in in-lb per 
cu in. per cycle. Values of specific damp- 
ing for the unnotched specimens at the 
three test temperatures are shown in the 
upper portion of Fig. 2. 

Comparing the total and specific 
damping curves for 1350F, it is seen 
that the conversion to specific damping 
for the unnotched specimens results in a 
rather abrupt change in slope at a certain 
value of stress, rather than the more 
gradual curvature shown by the curves 
for total damping. Furthermore, the 
point of change in slope appears to be 
the stress at which the effect of stress 
history begins to be manifested. This 
point has been called (7) the “cyclic stress 
sensitivity limit,” abbreviated CSSL. 
Such a limit has been observed with 
most of the various materials so far in- 
vestigated. The stress and damping 
values at the CSSL, and the location of 
the CSSL in per cent of the fatigue 
strength are given in Table I for the 
three temperatures. 

Considering the stress range investi- 
gated, the straight lines on the log-log 
plot for specific damping versus stress 
indicate that up to a certain stress value 
(for this material, the CSSL) specific 
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damping is related to stress by the equa- 
tion: 
D=JS» 
, 
where: 


J and nm = constants for a given tem- 
perature, 
=the maximum alternating 
stress in psi. 

Beyond this critical stress, different 
values of J and slope, m, are required to 
specify the curves corresponding to dif- 
ferent temperatures and stress histories. 
The values of » and J, as determined 
from the individual curves of Fig. 2, are 
given in another publication (5). Below 
the CSSL, the curves for unnotched 
specimens have a slope of 3.0. Above the 
knee, the slope values fall in the range 
from approximately 4 to 10. These large 
values of the exponent are of particular 
interest and significance. It has been con- 
sidered (9) that, at engineering stress 
levels, materials generally display an ex- 
ponent of 3. In the case of N-155, this is 
true only up to the CSSL, but above that 
value, as with most of the other heat- 
resistant materials investigated to date, 
the m values are considerably larger than 
3. It is apparent that extrapolation of 
low stress damping measurements to 
higher stresses of engineering importance 
may be grossly misleading. Similarly, 
with certain materials, deviations from 
linearity of the log D versus log S rela- 
tionship may occur at lower stresses than 
the range considered here (10). 

The small total damping energy, D,, 
absorbed by the notched specimens, as 
shown in Fig. 2, may be extremely im- 
portant when resonant members are con- 
sidered. Comparisons made between the 
damping of the unnotched and notched 
specimens, at corresponding tempera- 
tures and considering stress concentra- 
tion factors, indicate an extremely small 
effective volume of the notched specimen 
as far as damping is concerned. For one 
such comparison using the room tem- 


and S$ 
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perature data, an effective volume for the 
notched specimens in the order of 
0.000006 cu in. is obtained. The term 
“effective volume” is taken as that vol- 
ume of material under uniform direct 
stress which would dissipate an equiva- 
lent amount of energy. Notches act as 
serious stress raisers under the applica- 
tion of fatigue stresses. Furthermore, 
they should be avoided in members ex- 
pected to contribute significant material 
damping against resonant vibration. 
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Fic. 3.—Effect of Stress Magnitude and 
Stress History on Average Dynamic Secant 
Modulus of Elasticity for Unnotched N-155 
Specimens at the Three Test Temperatures. 


Elasticity Properties: 


Records were kept of the vertical de- 
flection of the unnotched specimens dur- 
ing the course of each fatigue test. These 
data were converted to values of average 
dynamic modulus of elasticity (a secant 
value) by the relationships given in Ap- 
pendix I of (5). The term “average” is 
used to denote that these values were 
obtained from deflection readings for a 
beam in bending rather than under uni- 
form direct stress conditions. They are 
not the values associated with a given 
stress, but are representative of the bend- 
ing stress distribution existing over the 
whole cross-section. A value of 30.0 
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10° psi was used for the room tempera- 
ture static value. 

Although there is a considerable de- 
crease in the dynamic modulus of elas- 
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plotted on the basis of stress ratio. The © 
data for 1500 F show the smallest change 
in modulus with stress ratio of the three 
test temperatures. The maximum de- 
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(Deflection of Beam Equals 423 Times Unit Strain) 
Fic. 4.—Static and Dynamic Stress-Strain Curves for Unnotched and Dynamic Stress-Deflection 


Curves for Notched N-155 Specimens. 


ticity for the room temperature speci- 
mens at the higher stresses, the decrease 
for a given ratio of stress to fatigue 
strength is comparable to that at 1350 F, 
as Fig. 3 indicates. The average dynamic 
modulus in per cent of static modulus is 


G vor 


crease in dynamic modulus due to stress 
history only is about 6 per cent at the 
1350 F fatigue strength. The maximum 
decrease observed due to both stress his- 
tory and stress magnitude is about 25 
per cent for the highest test stress at 


= 
Ta. 
1350F 
15Q0 
F 
Vi 
| | 


room temperature. The effects of large 
changes in dynamic modulus on resonant 
frequency and amplitude of vibration 
have been discussed previously (1). 


Dynamic Stress-Strain Curves: 


Dynamic stress-strain and stress-de- 
flection curves for the unnotched and 
notched specimens, respectively, are 
shown in Fig. 4 along with static tensile 
data. Each point for the dynamic data 
represents a different test made, in most 
cases, on a different specimen. The dy- 
namic stress-strain relationship shown is 
that after 100 cycles of reversed bending 
stress. In this figure, the large circles 
represent the dynamic test data, the 
small solid points are data from a static 
room temperature bending test on a sin- 
gle specimen, and the dashed curves 
represent the static tension data obtained 
by Michigan (4). 

At all three temperatures the static 
tensile proportional limit falls below the 
dynamic bending proportional limit. The 
static bending curve at room tempera- 
ture, however, practically coincides with 
the dynamic bending curve. At 1500 F 
the fatigue strength of N-155 is very 
close to the dynamic proportional limit, 
whereas at the other two temperatures it 
is at a stress about 20 per cent above the 
dynamic proportional limit. The values 
determined as the proportional limits, 
however, are dependent on the sensitivity 
of the testing equipment, as well as on 
small differences in specimen effective 
gage lengths due to machining toler- 
ances. These factors could account for 
scatter in the curves which might shift 
the dynamic proportional limit by 10 
per cent or more. 

The dynamic load-deflection curves for 
notched specimens, shown in Fig. 4, indi- 
cate linearity even in the high stress 
regions well above the fatigue strengths. 
The points for these curves were taken 
after 100 cycles of stress before ay evi- 
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dence of fatigue cracking was apparent. 
On the basis of the changes in dynamic 
modulus (in Fig. 3), it might be expected 
that a gradual decrease in the slope of 
the stress-deflection curves would be ex- 
hibited at the higher stress levels. How- 
ever, as discussed previously in connec- 
tion with the damping data, the effective 
volume of metal at peak stress in the 
notched specimens is extremely small, 
apparently too small to affect signifi- 
cantly the total deflection of the speci- 
men attributable to a change in modulus 
of elasticity. 


First-Evidence-of-Crack Curves for Notched 
Specimens: 


Measurements of vertical deflection® 
and runout at the target recorded during 
the course of each notched fatigue test 
are an aid in determining the start of 
macro-cracks. These data are plotted in 
Fig. 5 for the room temperature tests. 
It is observed that there are significant 
changes in both deflection and runout at 
points between 3 to 15 per cent of the 
fracture life of a specimen. These are 
marked AV and AR. At high fatigue 
stresses the AV points are the best indi- 
cation of cracking. At lower stresses both 
the AV and AR points serve as an indica- 
tion. This is the result of the manner of 
crack propagation in specimens of high 
stress concentration discussed by Peter- 
son (11). 

Interpretation of the deflection, run- 
out, and damping curves for each 
notched specimen was made to obtain 
the points plotted on the dashed curves 
of Fig. 1 labeled the “first-evidence-of- 
crack” curves. It is estimated that uni- 
form crack depths of less than 0.0005 in. 
may be detected by this method. A num- 
ber of checks were made on the actual 
presence of fatigue cracks both before 


3 The deflection is determined at the measuring target 
which is S  atenpene 2d 17 in. from the free end of the 
cantilever-beam specimen. See References (1) and (2) for 
ogemats diagrams and photographs of the testing ma- 
chine 
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and after the detection of a change in 
deflection during the notched tests at 
room temperature. An optical microscope 
was used. No cracks were detected prior 
to the increase in deflection, whereas they 
were always observable after the in- 
crease. Crack searches of this type were 


ately before failure. Work is now - 


progress on methods for detecting the 
initiation of cracking in such specimens. 
All the comparisons which follow be- 
tween the unnotched and notched speci- 
mens refer to the S-N fracture curve for - 
the unnotched specimens. Is it assumed 
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_ Fic. 5.—Effect of Sustained Cyclic Stress of Various Magnitudes on the Vertical Deflection and 
Runout of Notched N-155 Specimens at Room Temperature. 


not undertaken for the elevated tempera- 

ture tests due to experimental difficulties. 

However, the deflection curves obtained 

for the high temperature tests were simi- 
* lar in all details to those of Fig. 5. 

As previously pointed out, there was 
no pronounced increase in vertical deflec- 
tion of the unnotched N-155 specimens 
which could be associated with the first - 
evidence of a fatigue crack until immedi- 


that if first-evidence-of-crack curves were 
available for the unnotched specimens, 
they would fall so close to the fracture 
curves as not to affect appreciably the 
relationships now to be considered, 


Initiation and Propagation of Fatigue 
Cracks: 


Examination of Fig. 1 discloses that at 
all three test temperatures the first-evi- 
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dence-of-crack curve is considerably flat- 
ter than the fracture curve for the 
notched specimens; also, the spread at a 
given nominal stress between the two 
curves is greatest for room temperature. 
Variation in methods of plotting the in- 
formation contained in the graphs of Fig. 
1 affords a number of interesting relation- 
ships. In this manner indications may be 
obtained regarding both the initiation of 
the fatigue cracks in the notched speci- 
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Fic. 6.—Per cent of Fracture Life at Which 
First Evidence of Crack Appears and Number 
of Cycles Between FEC and FRAC for Notch- 
ed N-155 at the Three Test Temperatures. 


mens and the rate of propagation of the 
cracks. 

Figure 6 shows that on the basis of the 
same ratio of test stress to fatigue 
strength the first evidence of cracking 
occurs at a lower percentage of total 
cycles to fracture as the test temperature 
is lowered. Plotting the number of cy- 
cles between the first-evidence-of-crack 
curves and fracture curves for the 
notched specimens at the various tem- 
peratures as a function of ratio of test 
stress to fatigue strength indicates; a 
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smaller number of cycles as the test 
temperature is raised. It is shown by 
Fig. 6 that the relative rate of crack 
growth increases with increasing tem- 
perature. Since the notch sensitivity of 
this material decreases with increasing 
temperature, as shown in Table I, the 
rapid crack growth may be due to the 
increased rate of oxidation which takes 
place at elevated temperatures. 


Notch Sensitivity: 


Referring to Fig. 1 it may be observed 
that the ratio of the notched fracture 
strength to the unnotched fracture 
strength increases with increasing stress; 
that is, the two fracture curves for each 
temperature tend to converge in the 
short life region. Conversely, the first- 
evidence-of-crack curves in each case re- 
main much more nearly parallel to the 
fracture curves of the unnotched speci- 
mens in the life ranges investigated. To 
interpret and analyze this behavior, the 
definition of the fatigue reduction factor, 
or effective stress concentration factor, 
should be reviewed. 

The usual fatigue strength reduction 
factor, based on the ratio of the fracture 
stress for the unnotched specimen to the 
fracture stress for the notched specimen 
at a given number of cycles, is given the 
symbol K;, whereas K;’ shall be defined 
here as the ratio of the fracture stress for 
the unnotched specimen to the stress at 
the first evidence of cracking, at the same 
number of cycles, for the notched speci- 
mens. When both K; and K;’ are plotted 
as a function of number of stress cycles, 
as shown in Fig. 7, the Ky’ curves are 
reasonably independent of the life of the 
specimen, but the K; values increase with 
number of cycles. It should be mentioned 
here that if the Ky’ values were computed 
from first-evidence-of-crack curves for 
unnotched as well as notched specimens, 
they would be even more nearly constant 
throughout the specimen life. The possi- 
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bility that Ky’ may provide a more sig- 
nificant indication of the effect of stress 
concentration in fatigue than does Ky 
is now being investigated for other ma- 
terials. The theoretical stress concentra- 
tion factor for the notched specimens 
according to Neuber (8) is indicated in 
Fig. 7 for comparison purposes. 

In an investigation (not yet reported) 
of the dynamic properties of various ma- 
terials at room temperature, a possible 
correlation was observed between the 
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Fatigue Strength Reduction Factor 


: Number of Reversed Stress Cycles 


Fic. 7.—Fatigue Strength Reduction Factors 
as a Function of Stress Cycles Showing Kr 
Values from Fracture Data and Ke’ Values De- 
ome from First-Evidence-of-Crack Data for 
N-155. 


damping of notched specimens and the 
notch sensitivity of the materials. A com- 
monly used measure of notch sensitivity 
is the index: 
K; -—1 


If a new index is defined ast 


Ky -1 


with K;’ based on the first-evidence-of- 
crack curve rather than on the fracture 
curve, then the index g, is substantially 
independent of the number of cycles. 
Values computed in this manner for g, at 
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the three test temperatures, for 10° cy- 
cles of stress, are approximately 0.81, — 
0.55, and 0.32, respectively, for the rom 
temperature, 1350-F, and 1500-F test 
conditions. The values of g, may vary 
between zero and one, with the larger 
value indicating greater notch sensi- 
tivity. 

A possible association between the fa- 
tigue notch sensitivity and the damping 
of notched specimens of N-155 is noted 
in the observation that, upon comparing 
the total damping for the three test 
temperatures at equal stress, see Fig. 2, 
the greatest energy dissipation occurs at 
1500 F, for which temperature the notch 
sensitivity index, g., has the smallest 
value. In partial contradiction to this, 
when compared at their respective fa- 
tigue strengths, the data for the two 
elevated temperatures show equal energy 
dissipation even though q, has a different 
value for each temperature, see Table I. 
It appears from other work currently in 
progress, however, that a measure of the 
notch sensitivity in fatigue for various 
materials, at the same temperature, 
might be given by the relative damping 
properties of notched specimens com- 
pared on the basis of equal ratio of test 
stress to fatigue strength with the notch 
sensitivity being inversely proportional 
to the damping energy. 


we 


SUMMARY AND CONCLUSIONS 
The approximate unnotched fatigue 


_ strength values obtained at room tem- 


perature, 1350 F, and 1500 F, are in good 
agreement with those obtained by other 
investigators (4). The notched fatigue 
strength values indicate a decreasing fa- 
tigue strength reduction factor as the 
temperature is raised. 

The shapes of the specific damping 
versus stress curves are generally similar 
at all three test temperatures. Those for 
the unnotched specimens plotted on a 
log-log basis show a linear variation from 
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the lowest stresses investigated (about 
45 per cent of the fatigue strength) up to 
the cyclic stress sensitivity limit (CSSL). 
In this range where stress history has no 
effect on damping the slope of the linear 
curves on the log-log plot is approxi- 
mately 3.0 for all three temperatures. 
Beyond the CSSL, the damping curves 
at all three temperatures are again ap- 
proximately linear on the log specific 
damping versus log stress plot but with 
- steeper slopes ranging from approxi- 
mately 4 to 10. 

The damping data for the notched 
- specimens satisfy straight lines on the 
log total damping versus log stress plot 
throughout the stress range from ap- 
proximately 1.0 to 2.5 times the notched 
fatigue strength at each temperature. 
The curves at all temperatures have ap- 
proximately the same slope, 3.6. A com- 
parison of the damping in notched and 
unnotched specimens indicates that an 
extremely small volume of material in a 
notched specimen is effective in dissipat- 
ing resonant vibration energy. 

For the unnotched specimens at the 
three test temperatures, the decrease in 
average dynamic secant modulus of elas- 
ticity due to both stress and stress his- 
tory is approximately 6 per cent at the 
fatigue strength in the most variant case 
of 1350 F. There is, however, a pro- 
nounced decrease in stiffness at both 
room temperature and 1350 F for stress 
values considerably in excess of the fa- 
tigue strength. The dynamic load-deflec- 
tion curves for notched specimens are 
linear even in the high stress regions well 
above the fatigue strengths. 

First-evidence-of-crack curves for the 
notched specimens are considerably flat- 
ter than the fracture curves. At the 
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higher test stresses, the first evidence of 
cracking occurs at a lower percentage of 
the total specimen fracture life than at 
lower stresses. Cracking was detected as 
early as 3 per cent of the fracture life in 
room temperature notched specimens. At 
stresses near the long time fatigue 
strength, the crack and fracture curves 
tend to approach each other although, 
due to the use of a log scale for N, a 
small difference represents millions of 
cycles. 

Even though the material became less 
notch sensitive with increasing tempera- 
tures, curves showing the number of cy- 
cles between the first evidence of crack- 
ing and fracture in the notched specimens 
indicate higher rates of crack propaga- 
tion at the elevated temperatures. 

Values of go, an index of notch sensi- 
tivity determined by using fatigue 
strength reduction factors for crack data 
(rather than fracture data), are sub- 
stantially independent of the number of 
cycles. Comparison of the damping re- 
sults for the notched specimens at a 
given stress for the three test tempera- 
tures shows that the highest damping is 
associated with the lowest notch sensi- 
tivity. 
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Mr. P. R. authors 
note that for notched specimens the rate 
of crack propagation apparently in- 
creases with increasing test temperature, 
despite a concomitant decrease in notch 
sensitivity. What would be the results 
for a similar comparison of unnotched 
specimens? Were any of the specimens 
which “ran out” sectioned and exam- 
ined? We sectioned notched specimens 
which had not failed after more than one 
hundred million cycles at a temperature 
of 1200 F and have found very small 
fatigue cracks at the notch base. These 
cracks either started very late or prog- 
ressed very slowly. 

With specimens tested in repeated 
bending at room temperature, we have 
also noted that fatigue cracks, in some 
materials, may start very early in the 
life of the specimen. It has also been ob- 
served that sometimes there is a large 
difference between the number of cycles 
to the appearance of a minute fatigue 
crack and the number of cycles to the 
appearance of the crack which progresses 
to failure. I wonder if the authors have 
observed this in their investigation. 

In regard to the fact that the notch 
sensitivity index of N-155 was found to 
decrease as the test temperature was in- 
creased, it should be noted that N-155 is 
a very stable alloy and that this trend 
may not apply to all alloys. Thus for a 
wrought alloy of less stability than 
N-155, we have found the notch sensi- 
tivity index, g, to rise from 0.4 at room 


1 Mechanics De 


ent, Research Laboratories, West- 
inghouse Electric 


rp., East Pittsburgh, Pa. 
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temperature to 0.6 at 1200 F, and then 
to decrease to 0.25 at 1500 F. 

Mr. FRED KELLER.2—Some results we 
obtained are different from these shown 
here in that when we plotted first slip 
and then first crack we did not get a 
decrease in the number of cycles between 
the first crack and the first slip as was 
indicated on the authors’ curves. 

Actually what we are doing with this 
method is detecting much finer cracks 
than Mr. Lazan. 

The first cracks occur within a grain 
as fissures along crystographic planes. 
These cracks are extremely fine and 
would not be picked up by ordinary 
microscopic examination. The next stage 
in the progress of such cracks is that they 
join; many people have seen this type of 
fatigue crack. Cracks usually start in 
grains of certain orientation and then 
progress from one grain to another. 

In the preliminary work that we have 
done along this line with these methods, 
following the surface of the specimen 
practically every cycle if we wish, we 
have obtained some evidence of cracking 
after only a few at certain stresses. 
We can determine first deformation, first 
cracking along the crystographic planes, 
joining of cracks, and finally when the 
cracks progress from grain to grain. 

Preliminary indications are that it may 
be possible to use this method to deter- 
mine the probable life and endurance 
limit of the material by plotting either 
first slip or first crack. 


? Chief, Metallography Division, Aluminum Company 
of America, New Kensington, Pa. ~ 
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Mr. J. M. Lessetts.*—The work re- 
ported by the authors is of extreme in- 
terest since, to have an understanding of 
the inner mysteries of the fatigue prob- 
lem, this sort of approach will have to be 
made. 

It is interesting to note that the au- 
thors were able to detect the first crack 
by a study of the sidewise deflection. 
This approach was mentioned, I believe, 
first by Inglis.‘ In this regard, Mr. Lazan 


was fortunate in the choice of the rotat- 


853 


destroy the specimen to ascertain if a 
crack had been found. This procedure 
was also adopted by Phillips,* using cy- 
clic direct stress. A further study of the 
sidewise deflection may lead to useful 
results. 

Me. T. J. Dotan.7—Mr. Lazan and 
his co-workers are to be congratulated 
on an excellent piece of work in trying to 
study basically what is involved in the 
initiation of fracture. Certainly it is a 
complicated subject and, as has been 
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ing bar machine which allows such de- 
flection studies to be made. This ap- 
proach would be denied in the case of a 
direct stress type. 

We do know that elastic hysteresis 
changes with increase in stress even 
though the stress level is within a safe 
range. This study of hysteresis may 
throw some light on the behavior prior 
to the appearance of a crack. 

From my own work?® in cyclic bending 
on crack development it was necessary to 


3 Associate Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Mass. 
4N. P. Inglis, “Hysteresis in Metals Under a 
The Metallurgist, Vol. III, Sept. 30, 1927, 


a ey. M. Lessells and H. E. Jacques, “Effect of Fatigue 
on Transition Temperature of Steel,” Welding Research 
Supplement, No. 2, pp. 74-83 (1950). 


10 10” 


pointed out, fatigue damage occurs at a 
very early stage in the fatigue process. 
In this connection the accompanying 
Fig. 8 shows some unpublished results 
obtained at Illinois. These data were ob- 
tained by studying with the aid of the 
light microscope the slip in the crystal- 
line structure on the surface of a small 
beam and plotting the per cent of the 
surface area involved in slip. If one extra- 


polates these back to zero ordinate (for 


6 C. E. Phillipps and R. B. Heywood, “The Size Effect 
in Fatigue of Plain and Notched tes Loaded Under 
Reversed Direct Stress,’’ Proceedings, Inst. Mech. Engrs., 
Vol. 165 (W.E.P. No. 65), pp. 113-124 (1951). 

7Head, Department of Theoretical and Applied 
Mechanics. University of Illinois, Urbana, 

8 W. J. Love, “Structural Changes i in Ingot Tron Caused 
by Plastic and Repeated Stressing,’? ONR Project NR- 


_ 031-005, Tech. Report No. 33, Dept. Theoretical and Ap- 


plied Mechanics, University of Illinois, Nov., 1952. 
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no slip) they indicate a number of cycles 
varying from 5000 to 8000 for first visible 
evidence of damage. Presumably it would 
be difficult by this method of observation 
to detect slip in the early stages. How- 
ever, there is damage by slip starting 
early and progressing with a fairly linear 
relationship with regard to the logarithin 
on the number of cycles until fracture 
occurs. 

By examining specimens with the elec- 
tron microscope periodically, very micro- 
scopic cracks that could not be seen with 
light microscope were detected at a very 
early stage (as low as 0.1 per cent of the 
fatigue life to fracture). 

The conclusion that the fatigue 
strength reduction factor was inde- 
pendent of life agrees with observations 
made ina recent study of brass.® For each 
of six groups of the metal each having a 
different grain size, we found that the 
fatigue strength reduction factor was 
practically constant from a few thousand 
cycles up to 20 million cycles. 

To revert to the authors’ discussion of 
damping, it was noted in some of Lazan’s 
earlier work that rest periods and fre- 
quency of stressing seemed to affect the 
damping exhibited by the specimens. I 
would like to ask whether the frequency 
of stressing or the presence of rest periods 
would have an effect on the occurrence of 
the “stress sensitivity limit” defined in 
this paper. If a member is loaded to a 
stress level beyond the stress sensitivity 
limit, will rest periods or variations in 
frequency of stressing markedly affect 
the damping? 

Mr. B. J. Lazan (author’s closure).— 
Most of the questions raised by the dis- 
cussors deal with the initiation and 
propagation of cracks. Since the primary 
aim in this work was to determine the 
damping, elasticity, and fatigue proper- 
ties, the test program was designed 


W. Karry and T. J. Dolan, “Influence of Grain 
Sine Fatigue Notch- xy” Am. Soc. 
Testing Mats., Vol. 53, p. 789 (1953 
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primarily from this viewpoint, rather 
than to procure conclusive answers to 
many of the cracking problems of current 
interest. Therefore, some of the questions 
raised cannot be answered conclusively 
at this time. 

The authors assume that Mr. Toolin 
was referring to unnotched specimens in 
the second paragraph of his discussion. 
No specific attempt was made to study 
the early cracking of unnotched speci- 
mens of N-155. In other materials, how- 
ever, pre-failure cracking in unnotched 
specimens has been observed and in many 
cases is very pronounced. 

Mr. Keller has done some fine work in 
the development of techniques for detec- 
tion of very early slipping and cracking. 
This type of approach should aid consid- 
erably in defining the mechanism of early 
fatigue damage. However, the applic- 
ability of this method to notched speci- 
men work, particularly at high tempera- 
ture, requires considerable further de- 
velopment, and this should be encour- 
aged. If also large surface areas are in- 
volved (authors’ test specimen has 1.3 
sq in.) a very difficult searching" job is 
required. 

It should be mentioned that the crack 
data presented in this paper are by no 
means intended to indicate the point of 
crack initiation in the notched specimen. 
Much more elaborate technique and 
equipment than that employed in this 
investigation would be required for de- 
tecting the formation of cracks within 
the grains. The data presented are con- 
cerned with what is referred to by some 
investigators as the third stage of fatigue, 
that is, crack growth which ultimately 
leads to fracture. It is believed that the 
first-evidence-of-crack line represents an 
early stage in the development of the 
crack causing failure. 

In regard to cracking and fracture it is 
interesting to inquire whether the first- 
evidence-of-crack curve joins or lies be- 


il 


low the fracture curve in the long-life re- 
gion. Evidence by Lessells and Jacques 
(1950)® and Fenner and Fwen (1951) 
among others, indicate that at least for 
some materials, the curve for crack initi- 
ation tends to remain below the fracture 
curve. This would indicate that there are 
small fatigue cracks which grow so slowly 
that for most practical purposes stabil- 
ized conditions may be assumed. More 
information on this point is desirable but, 
needless to say, extremely difficult to ob- 
tain because of the large scatter and 
long-time problems involved in obtaining 
statistically sound data. 

Mr. Lessells’ comment regarding the 
method employed for detection of early 
cracks should be clarified. A change in 
vertical deflection method was used 
rather than a change in horizontal trav- 
ersal. In regard to the sensitivity of this 
method, it should be explained that the 
deflection is read by means of an opti- 
cal micrometer microscope at a target on 
the end of a cantilever beam. The target 
has a motion approximately 1000 times 
the unit strain in the specimen. If the 
crack were around the full periphery of 
the notch,a crack of some 0.0002 or 0.0003 
in. depth could be detected. However, if 
it were just at one point on the periph- 
ery of the specimen, its depth would 
have to be considerably greater for detec- 
tion. Even though this method is more 
convenient, it is not as positive as the de- 
structive method of sectioning used by 
Lessells. 

Mr. Dolan’s approach to the cracking 
problem, like Mr. Keller’s, provides a 

10 A. J. Fenner, N. B. Owen, and C. E. Phillips, “The 


Fatigue Crack as a Stress Raiser,” Engineering, Vol. 171, 
May, 1951, p. 637. 
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very sensitive indication of the stages 
preceding the authors’ “first-evidence-of- 
crack” joints. The very early cracking 
indicated by Dolan’s data should again 
be noted. 

With regard to Mr. Dolan’s inquiry on 
the effect of frequency on the damping, it 
should be mentioned that all damping 
data reported herein were procured at 
20 cpm. Frequency has been observed to 
be important in the higher damping 
range, usually above the cyclic stress 
sensitivity limit, where frequency effects 
may cause a 10:1 change in damping in 
some materials. The frequency effect for 
N-155 material was not determined since 
this added variable would greatly enlarge 
the test program. 

Although in these tests damping was 
measured at 20 rpm, higher frequency 
was used between measurements to 
shorten the fatigue tests. In earlier work 
(7)4 it was found that an increase of fre- 
quency between readings did not appear 
to affect the damping versus number of 
cycles curve. 

With regard to the effect of rest peri- 
ods, it was observed in prior work on 
mild steel (7) that rest may affect damp- 
ing at stress levels above the cyclic stress 
sensitivity limit. Rest up to a few hours 
at zero stress after a period of cyclic 
stressing at a given stress level does not 
seriously affect the damping and modu- 
lus when measured again at the given 
stress. For longer rest periods the damp- 
ing tends to decrease with time at rest. 

The authors wish to thank the dis- 
cussors for their aid in clarifying some of 
the problems brought up by this work. 


1 °See list of references appended to the paper, p. 851. 
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STRENGTH PROPERTIES OF ROLLED ALUMINUM ALLOYS UNDER 
‘VARIOUS COMBINATIONS OF ALTERNATING AND MEAN AXIAL 


FATIGUE STRESSES* 
By B. J. LAzan' anp A. A. BLATHERWICK! 


SYNOPSIS 


_ Fatigue data on 14S-T6, 24S-T4, and 75S-T6 aluminum alloys tested under 
various combinations of mean and alternating axial stress are presented. 
Stress range diagrams are included to analyze the effects of: (a) stress ratios 
in the range from static tension to reversed axial stress, (b) stress magnitude 
which causes failure in the range from 10‘ to 10’ cycles, and (c) severity of 
circumferential notches having four different theoretical stress concentration 
factors in the range between 1.0 and 3.4. The extreme flatness of the stress 
range diagrams for severely notched specimens at long life is discussed in 
terms of the large reduction in mean load carrying capacity resulting from 
the addition of relatively small alternating stress. Unitless stress range dia- 
grams are presented to indicate how material, life, and specimen type affect the 
combinations of alternating and mean stress which cause failure in a specified 
number of cycles. Data on the reduction in fatigue strength caused by notches 
are diagrammed to clarify the significance of mean stress, alternating stress, 


The inadequacy of fatigue data for 
structural aluminum alloys under various 
stress ranges has necessitated the use of 
rather broad assumptions in the design 
of aircraft structures. The strength data 
procured in this program at various stress 
ratios from static tension to reversed 
stress fatigue should help to alleviate 
this situation. 

The strength potentials of aircraft 
materials are frequently not fully realized 
because of stress concentration effects. 
The notches generally present in aircraft 
structures necessitate, in the absence of 
adequate data and a basic understanding, 
a rather cautious approach and the in- 
efficiency of overdesign is frequently the 
result. Notch sensitivity data procured 
in this work extend the range of stress 


. Presented at the Fifty-sixth Annual Meeting of 
the Society, June 28-July 3, 1953. 

1 Professor of Materials Engineering and Director of 
Engineering Experiment Station, and Instructor, respec- 
tively, University of Minnesota, Minneapolis, Minn. 


stress ratio, and cycles to failure as factors in fatigue notch sensitivity. 


ratios and fatigue lives covered in 
previous studies and provide improved 
prospective for structural designers. 

Much of the prior work on fatigue 
properties of notched and unnotched 
aluminum alloys has been under reversed 
bending conditions (1-5)? in which the 
stress ratio R = —1, that is, the ratio of 
alternating to mean stress is infinite. The 
trend during recent years has been to- 
wards increased emphasis on axial load 
fatigue tests and consideration of other 
stress ratios. Although there have been 
several investigations on the unnotched 
and notched fatigue strength of alumi- 
num alloys (2, 3, 6), it was not until very 
recently (7, 8, 9) that a reasonably wide 
range of stress ratios and notch effects 
were covered. 


2 The boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 869. 
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TEST PROGRAM 


All tests were conducted at room 
temperature under axial (tensile or com- 
pressive) stress. Stress magnitudes which 
caused failure in from 10* to 2 X 10? 
cycles, and in some cases to 10° cycles, 
were studied. 

In order to cover as uniformly as 
possible the stress ratios ranging from 
static tension to reversed stress fatigue, 
selected steps of alternating-mean ratios 
(10) were used rather than selected steps 
of mean stress. The alternating-mean 
ratios A originally selected for this work 
were A = 0 (static tension), 0.37, 0.89, 
2.16, and © (reversed stress). As the 
project progressed, it was observed that 
in many cases small magnitudes of 
alternating stress seriously decreased the 
allowable mean stress, and therefore in 
such cases additional data were procyred 
at alternating-mean ratios A of 0.15 and 
0.08. te. 


Materials: 


The three rolled aluminum alloys used 
in this program were 14S-T6, 24S-T4, 
and 75S-T6. Further details on the 
material and its processing are given 
elsewhere (18). 

The metallographic structure of the 
three test materials was examined by 
means of photomicrographs. Although 
the structures appeared to be reasonably 
normal, rather large insoluble constitu- 
ents, which were probably chromium- 
bearing segregation, were found in the 
75S-T6. Since the fatigue properties of 
this batch of 75S-T6 were lower than 
average, the Materials Laboratory of 
Wright Air Development Center and the 
Research Laboratories of the Aluminum 
Company of America both examined the 
material and reported (11, 16) the presence 
of chromium-bearing constituents larger 
than usually found in such rod. However, 
tests conducted by the Douglas Aircraft 
Co. (17) indicated that chromium-bearing 
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segregation of the type observed does not 
necessarily cause low fatigue strength. 


Specimens: 


The four types of specimens used to 
obtain a range of stress concentration are 
described below. All specimens have a 
diameter of 0.400 in. at the test section. 
The unnotched specimen has a single 
fillet which is large enough to justify the 
assumption of zero concentration of 
stress (theoretical stress concentration 


factor K;, = 1). The mild-notch specimen 
has a semicircular circumferential notch 
of radius 0.10 in. and a theoretical stress 
concentration factor, as calculated from 
Neuber’s charts (12), of 1.6. The inter- 
mediate-notch specimen has a circum- 


ferential 60-deg V notch with a 0.032-in. 
root radius resulting in a theoretical 
stress concentration factor of 2.4. The 
sharp-notch specimen has a circumferen- 
tial 60-deg V notch with a 0.010-in. root 
radius and a theoretical stress concen- 
tration factor of 3.4. 

Further details on specimen shape and 
method of preparation are given in 
reference (18). Since the introduction of 
internal stresses may seriously affect the 
fatigue properties, particularly of 
notched specimens, an attempt was 
made to determine the effect on fatigue 
properties of stress relief through a 
thermal treatment. Comparative tests 
showed that the stress-relief treatment 
had no significant effect. 


Equipment: 
Two different types of fatigue-testing — 
machines were used to cover the range of | 
axial stress required. An axial stress — 
fatigue machine of the type described by 
Lazan (10) was used for low and medium _ 
alternating force tests, whereas a Sonntag ~ 
fatigue machine with an amplifying 
fixture was used for high alternating force 


‘tests. Overlapping tests were made so 


that data from the two machines could 
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be compared directly; no significant 
difference in fatigue properties was ob- 
served. Special axial stress grips were 
constructed for this program, using the 
approach described in an earlier paper (19). 


RESULTS AND DISCUSSION 


Static Tensile and Hardness Properties of 
Alloys: 


In order toevaluate the uniformity of 
the three materials and also to determine 
how closely their properties compare 
with accepted values, a series of tension 
and hardness tests were undertaken. The 
tension tests were performed in accord- 
ance with ASTM standards (0.505 in. 
specimen diameter by 2-in. gage length) 
using a Baldwin universal testing 
machine and autographic recorder and 
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mens being indicated along the abscissa. 
Also shown in this figure are the average 
tensile strengths for the standard 
straight-sectioned ASTM test specimen. 
Figure 1 shows that the tensile strength 
increases with increasing notch severity , 
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Fic. 1.—Variation of Static 
Strength with Type of Specimen. 


Ultimate 


TABLE I.—STATIC PROPERTIES OF ALLOYS. 


| | vs | 
Hesdnese Modulus E Tensile | Yield Strength,| Elongation 
. Strength, 0.2 per cent in 2 in., 
Rockwell A 10 psi a fiset, psi per cent 
Average| o* Average lAverage! Average) o o 
51.3 | 0.60 | 10.5 0.15 | 71.600! 400 | 63500} 480 | 13.6 | 0.84 
48.5 0.75 10.6 0.12 | 72 800 550 | 48 600 480 21.4 0.61 
eae 21 | 56.0 0.50 10.4 0.10 82 300 390 | 70 900 540 | 16.5 0.50 


%q = standard deviation. 


the hardness tests were of the Rockwell 
A scale type. Data procured from speci- 
mens cut from the center and two ends 
of each of the 20-ft bars used are listed 
in Table I. The results of these tests 
agree closely with published data on 
these materials (2). 

Static tension tests were also under- 
taken on theunnotched and notched type 
fatigue specimens used in this program. 
This was done not only to establish the 
general effects of the various types of 
notches on the static tensile strength but 
also to determine the zero stress ratio 
points for the stress range fatigue di- 
agrams to be presented later. The results 
of these tests are diagramed in Fig. 1, 
the K, values for all of the fatigue speci- 


reaching maximum at some intermedi- 
ate K;, value, beyond which it decreases. 
Although such factors as stress gradient, 
plasticity properties, and the state of 
of stress (whether uniaxial, biaxial, or 
triaxial) are important, this effect is 
partially explainable on the basis that a 
fillet or notch has two major effects: (a) 
it causes stress concentration which tends 
to reduce the strength of the specimen, 
and (0) it restricts the reduction in area 
(“necking-down” prior to failure) which 
tends to increase the strength. Figure 1 
shows that the strength of the single 
fillet unnotched specimen is larger in all 
cases than the ASTM specimen, and this 
may be explainable on the basis that 
factor (a) above is practically the same 


ri 
a 


an 


for both specimens whereas factor (b) 
favors the single fillet specimen. The 
peaked strength curve may similarly be 
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14S-T6 are plotted in Fig. 2 as S-N fa- 


tigue diagrams of the logarithm of the 7 
maximum or crest stress S,,.x during the 
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Fic. 2.—S-N Fatigue Diagrams at Various Stress Ratios for Unnotched and Notched Specimens of 
Aluminum Alloy 14S-T6. 


explainable on the basis that factor (6) 
predominates up to a certain notch 
severity beyond which factor (a) becomes 
the more critical. 


Fatigue Properties of the Alloys: 


The fatigue data procured on un- 
notched and sharp-notch specimens of 


cycle'versus the logarithm of the number 
of cycles to failure. The crest stress Smax 
is used in these plots instead of the al- 
ternating stress S, or mean stress Sy, 
in order to improve the curve separation 
and clarity. Each alternating-mean ratio 
A is plotted as a separate S-N curve in 
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Fic. 3.—Stress Range Diagrams Showing Comparative Fatigue Strengths of Aluminum Alloys 
14S-T6, 24S-T4, and 75S-T-6. 
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accordance with the point and line code 
shown. 

Similar curves were plotted for the 
mild-notch and intermediate-notch speci- 
mens, but these are not included in this 
paper. 

In general, it may be observed that the 
lower the alternating-mean ratio the 
smaller the slope of the S-N curve. The 
curve for A = 0 is not shown, but tests 
(18) indicated that the static stress- 
rupture data yield practically a hori- 
zontal line. 

Since the scatter in fatigue strength 
data at long life is generally larger than at 
short life, it is rather difficult to establish 
the existence or non-existence of a hori- 
zontal asymptote or fatigue limit. Al- 
though the S-N curves presented in 
these figures and in other diagrams not 
included in this paper do not appear to 
approach the asymptote up to 10’ cycles, 
nothing conclusive can be said on this 
matter. 

Similar S-N diagrams were also plotted 
for 24S-T4 and 75S-T6 but are not in- 
cluded in this paper. The diagrams for 
24S-T4 were very similar in all respects 
to those of 14S-T6, and the fatigue 
strengths were nearly identical. The 
curves for 75S-T6 were also similar in 
shape but indicated lower fatigue 
strengths, especially in the case of the 
unnotched specimens. 

A comparison of the fatigue strengths 
of the three materials is given in Fig. 3. 
In these diagrams, the combinations of 
alternating and mean stress resulting in a 
given life are plotted in a coordinate 
system of alternating versus mean stress. 
The curves shown are the loci of these 
combinations for a fatigue life of 10! 
cycles and of 10’ cycles for each material. 
The radial lines through the origin have 2 
slope equal to the alternating-mean 
ratio used in the test program. The curves 


of Fig. 3(a) are for unnotched specimens . 
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while Figs. 3(6) and (c) are for notched 


specimens, K, = 2.4 and 3.4 respectively. | 


No data were procured on 75S-T6 
using the K, = 2.4 notched specimens. 

Comparing Figs. 3(a), (6), and (c), it 
is apparent that the higher the stress 
concentration factor in the specimen the 
flatter are the stress range curves, par- 
ticularly for long life. Also of significance 
is the observation that although the 
curves for the unnotched and mildly 
notched specimens are generally either 


concave downward or straight, the | 
severely notched specimens particularly © 


at long life display curves which are con- 
cave upward. As a result of these trends, 
relatively small alternating force may 
greatly reduce the allowable mean stress. 


For example, referring to the curve in | 


Fig. 3(c) for 14S-T6 and for a life of 10’ 


cycles, the addition of an alternating — 


stress of only 8 per cent decreases the 


allowable mean stress by 35 per cent 
from 84,000 to 54,000 psi, and oil 


alternating stress of 15 per cent of the 
preload reduces the allowable mean 
stress 68 per cent from 84,000 to 27,000 
psi. 


Figure 3 also indicates the comparative © 
fatigue strengths of 14S-T6, 24S-T4, and 7 


75S-T6. Figure 3(a) shows that at the two 
lifetimes, the fatigue strengths for 14S-T6 
and 24S-T4 are almost the same. The 
fatigue strength of 75S-T6, however, is 


much lower, especially at 10’ cycles. The : 


curves for 75S-T6 are much flatter in the 
low alternating-mean ratio region, for 
long life, a fact which emphasizes again 
the serious effect that a small vibratory 


stress may have on the allowable mean 


strength of this material. 


In Fig. 3(0), constant-life curves 
14S-T6 and 24S-T4 are diagramed for _ 


specimens with an intermediate notch > 
(K; = 2.4). No specimens of this type 
were tested for 75S-T6. At 10* cycles, the 
fatigue strength of 14S-T6 is slightly 
lower than that of 24S-T4. However, 
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at 10’ cycles the strengths are almost 
identical. Figure 3(c) shows the fatigue 
strengths of the three materials for the 
sharp-notch (K;, = 3.4) specimens. Here 
the strength of 24S-T4 is the highest 
with 14S-T6 and 75S-T6 following in that 
order. At 10’ cycles, the fatigue strengths 
of all three materials are practically the 
same. 
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reversed stress conditions (A = ©). The 
curves thus obtained fall within bands for 
each specimen type. Only the bands for 
the unnotched and the sharp-notched 
specimens are shown in Fig. 4. 

The band for the unnotched specimens 
falls closer to the straight line relation- 
ship than does that of the notched speci- 
mens and it is above the line for all 
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Fic. 4.—Unitless Stress Range Curves for Unnotched and Sharp Notched Specimens of 145-76 
luminum Alloy. 


It is desirable to determine if the stress 
range relationship is sufficiently consist- 
ent for all alternating-mean ratios to 
permit interpolation when only the 
reversed stress fatigue strengths and 
static strengths are known. In order to 
establish such a relationship, the stress 
range data for 14S-T6 are replotted on a 
completely unitless basis in Fig. 4. In 
this unitless diagram both the maximum 
ordinate and maximum abscissa are 
arbitrarily made equal to one. This means 
that the ordinate scale is the ratio of the 
alternating stress for a given life to the 
alternating stress for the same life under 


alternating-mean ratios. The band for the 
notched specimen is S-shaped, being 
below the line in the region of relatively 
high alternating stress and above the 
line for low alternating stress. The bands 
for the other two specimen types (not 
shown here) fall between these two 
extremes and display a gradual trans- 
ition. 

It may be noted that the long-life and 
short-life curves for both specimen types 
cross each other at a mean stress cor- 
responding to six tenths of the static 
ultimate stress. This behavior was not 
found for either 24S-T4 or 75S-T6, how- 
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ever, though the general shape of the 


men for the same life and same stress — 
bands was otherwise quite similar, except 


ratio. 


that the 75S-T6 bands were generally 
below the straight-line relationship. 
Notch Sensitivity: 


It is apparent from the study of the 
foregoing stress-range diagrams that the 
reduction in fatigue strength caused by 


The first of the notch sensitivity 
diagrams, shown in Fig. 5, covers both 
the mild-notch and sharp-notch speci- 
mens. These were derived from “profile” 


curves (not shown) of Ky versus S, or Sm 


each of the profile curves covering a 


different alternating-mean ratio. The 
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r6 Fic. 5.—Fatigue Strength-Reduction ‘“‘Contour” Curves for Notched Specimens of Aluminum Alloy 
14S-T6 Showing K; as a Function of S, and Sm of the Unnotched Specimen. 
- a notch is a function of not only dimen- _ profile curves for each stress ratio were 
ly sions but also stress ratios and stress level then projected onto the corresponding 
wa or life. The relationship of the notch lternating-mean ratio line within the 
ds effect to these variables is clarified in the = 2755 Sm coordinate system of Fig. 5 to 
ot notch sensitivity diagrams shown in Figs. establish the contour curves representing 
wo 5 and 6. b b 
1s- In these diagrams the harmful effect |, from Fig 
of the notch is specified in terms of the duction factor Ky were reasonably inde- 
nd fatigue strength reduction factor, Ky, - 
which is defined as the ratio ofthe fatigues ga fat 
tie strength of the unnotched specimen to able alternating stress). Thus, the ratio of Smax unnotched 
the fatigue strength (based on nominal sume as the corresponding and 
stress calculations) of the notched speci- stress ratios to specify which stress (Smax, Sa, 
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pendent of mean stress and dependent 
only on alternating stress, then the 


contour lines would be _ horizontal; 
whereas if Ks were dependent on mean 
stress and not on alternating stress, these 
contour lines would be vertical. In 
general, these contour lines are inclined, 
indicating the dependence of K; on both 
alternating and mean stress. However, in 
some regions the lines are essentially 
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maximum value occurs at a higher stress 
and the peak is concentrated more at the 
© alternating-mean ratio line. 

The curves for K, = 2.4 (not shown) 
also displayed the same general pattern 
and were so shaped and positioned that a 
gradual transition could be observed in 
the characteristics of the mild notch 
through the intermediate to the sharp 
notch. Maximum Ky; values observed 
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Fic. 6.—Contour Curves Showing Ky; as a Function of Stress Ratio and Number of Cycles for 
K, = 3.4. Specimens of Aluminum Alloy 14S-T6. 


horizontal whereas in other regions they 
are essentially vertical, indicating that 
either alternating or mean stress, re- 
spectively, may be the primary variable, 
depending on the conditions of test. 

For the sharp-notch specimen, the 
highest A; factor of 2.4 extends over a 
central region which includes alternating- 
mean ratios as low as 0.25. The maxi- 
mum K; observed (2.4) is considerably 
below the theoretical stress concentration 
factor of 3.4 for this specimen type. 

The behavior trend of the curve for 
K, = 1.6 specimens is about the same as 
that discussed above except that the 


were 2.5, 1.9, and 1.35 for the specimens 
whose K; values are 3.4, 2.4, and 1.6, 
respectively. 

Similar curves for 24S-T4 revealed 
characteristics very similar to those of 
14S-T6 described above, except that 
maximum values were slightly higher. 
For 75S-T6, the same behavior character- 
istics were noted except that maximum 
values of K; occurred at higher stress for 
the sharp notch and at lower stress 
in the case of the mild notch, and the 
maximum values were somewhat lower 
than for 14S-T6 (maximum observed K; 
was 2.0 for the K, = 3.4 specimens). 
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In order to clarify the réle of length of 
fatigue life, a second type of notch sensi- 
tivity diagram is shown in Fig. 6. The 
contour lines shown in Fig. 6 for the K¢ 
surface are constructed within stress ratio 
versus life N coordinates by projecting 
sets of profile curves of Ky versus life for 
each stress ratio. The’ maximum to 
minimum stress ratio R is used in Fig. 6 
instead of the alternating-mean ratio A, 
because the range in R values from 
—1.0 to 1.0 (reversed stress to static 
stress) is more easily diagramed than the 
corresponding range of A values from 
zero to infinity. However, both scales are 
shown in this diagram for completeness. 

Referring to Fig. 6, it is possible to 
divide the K; surface into characteristic 
regions E, F, and G. In region E£, in 
which the fatigue life is short and alter- 
nating-mean ratio A is large, the Ky 
contour lines are essentially vertical. 
This indicates that Ky is essentially 
independent of stress ratio and primarily 
dependent on the fatigue life. In region 
G, however, where the fatigue life is 
comparatively long and the alternating- 
mean ratio A is small, the contour lines 
are essentially horizontal, indicating that 
stress ratio rather than life is more 
critical. Region F, the transition region 
between E and G, is one in which both 
stress ratio and fatigue life are important. 

The large slope in the Ky surface in 
region G, as indicated by the density of 
the K; contour lines, again indicates that 
adding relatively little alternating stress 
in a notched member may greatly de- 
crease the allowable preload. 

There is a gradual transition in going 
from the severely notched specimen 
(shown in Fig. 6) to the mildly notched 
specimens (not shown), the three regions 
discussed previously being least apparent 
in the case of the mild notch. Also, the 
K; peak occurs at higher alternating- 


mean ratio A and at somewhat shorter - 


life in the case of the mild notch. It is 


therefore apparent that Ky varies signifi- : 
cantly with both stress ratio and life and 
that the pattern of variation is dependent 
on the severity of the notch. 

Similar diagrams were prepared for 
24S-T4 and 75S-T6 but are not included. 
The diagrams for 24S-T4 were very simi- 
lar to those of 14S-T6, and the cor- 
responding curves for 75S-T6 were simi-— 
lar in general pattern though they varied 
somewhat in location of maxima, and the 
maximum values were lower than for 
14S-T6 and 24S-T4. 

Several attempts have been made in 
the past (13, 14) to analyze the over-all 
fatigue strength reduction factor Ky in — 
terms of two more basic quantities: (a) 
the theoretical stress concentration factor 
K, determined from the geometry of the 
notch, and (b) a material factor. A_ 
quantity sometimes used to represent the — 
material factor is the dimensionless 
quantity g given by the expression | 


q= On the basis of this defi- 
Ki -1 


nition g would normally lie between ™ 
(for a material that is extremely notch in- 

sensitive) to 1 (for a material whichis 
extremely notch sensitive). 


It is unlikely that a single material 
constant of the type g would adequately 
stress ratios since both the static and 


define the behavior of material at all 
fatigue properties may be involved to a 
varying degree. For similar reasons q is 
likely to be dependent upon fatigue life. 
Past work (14) indicates that g does vary 
considerably with factors other than 
material. Nevertheless, in the absence of 
a better measure of the material factor, 
the values of g were diagramed (18) 
within alternating and mean stress co- 
ordinates for the three type specimens 
K, = 1.6, 2.4, and 3.4. Although the 
general shapes of the g surfaces for these 
types of specimen were similar in some 
respects, the specific values for q were 
generally quite different even under 
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given stress conditions. In general, the 
sharp notch displayed the highest q 
factor over most of the stress-range field. 

It is apparent that further work is re- 
quired before a basic analysis can be 
made of the fatigue strength reduction 
factor. 


0.18 
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Total elongation was also determined 
by measuring the total length of the 
specimen before and after the test, the 
broken specimens, of course, being care- 
fully matched at the fracture before 
measurement. Total elongation measured 
by this method compared favorably 
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Fic. 7.—Elongation in Fatigue Specimens at Various Stresses and Alternating-Mean Ratios. 


CREEP, AND ELONGATION 
Durinc FATIGUE TEST 


It was observed that, for stresses in 
excess of the yield strength, there was 
considerable creep in the specimen 
during fatigue tests in which there was 
some applied mean stress. This yield, 
measured with a micrometer, occurred 
almost entirely during the early stages of 
the test. The fatigue machines used in 
this program had provision for auto- 
matically maintaining the desired mean 
stress even though the _ specimen 
elongated. 


with the elongation measured by the 
micrometer method, although some 
difference due to elongation during final 
separation was sometimes apparent. 

The total elongation of the specimens 
as a function of maximum stress and 
alternating-mean ratio is shown in Fig. 7. 
In general, elongation does not become 
significant until the maximum stress 
exceeds the yield strength. Above this 
limit elongation decreases with increasing 
stress ratio, becoming negligible under 


reversed stress conditions. 
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COMPARISON WITH DATA FROM OTHER 
SOURCES 


A comparison was made of the fatigue 
data obtained in this program with 
those from other published sources 
(1-9, 16). In general the agreement was 
good for 14S-T6 and 24S-T4, as regards 
both fatigue strength and notch sensi- 
tivity. However, the comparison of 
75S-T6 data reveals rather serious diver- 
gence. The Minnesota data is as much as 
50 per cent below the comparison data 
at 10° cycles and shows an even greater 
discrepancy at 10’ cycles. Tests con- 
ducted at the Aluminum Research 
Laboratories (16) on specimens from 
the same batch of material as tested in 
this program yield fatigue strengths sig- 
nificantly below average values. The 
ARL data fall between Minnesota data 
and those from other sources. Compara- 
tive curves indicated that, though the 
static strengths are reasonably uniform, 
there is a wider variation in fatigue 
strengths of 75S-T6 than for the other 
aluminum alloys. 


SUMMARY AND CONCLUSIONS 


A series of axial stress fatigue tests 
were undertaken on 14S-T6, 24S-T4, and 
75S-T6 to determine the effect of various 
combinations of alternating and mean 
stress on fatigue life. The stress range 
from reversed stress (from tension to 
equal compression) to static tension 
was covered in several alternating-mean 
ratios. Four types of specimens were 
studied, an unnotched type and three 
circumferentially notched types having 
theoretical stress concentration factors 
of 1.6, 2.4, and 3.4. Stress combinations 
were varied to produce fatigue failure 
in the range from 10‘ to 10* cycles. 

The basic fatigue data are presented 
in the form of S-N curves and stress 
range diagrams for 14S-T6, and results 
for the other materials are described. 
Since the ratio of unnotched to notched 
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fatigue strengths varied considerably 
with alternating-mean ratio and stress 
magnitude (or life), the fatigue strength 
reduction factor was plotted as a Ky 
surface within two coordinate systems: 
(a) alternating stress versus mean stress, 
and (6) stress ratio versus number of 
cycles to failure. In addition, the data 
was partially analyzed to determine the 
validity of the notch sensitivity index g 
as an indication of the material factor. 

The fatigue data procured in this 
program were compared with published 
data on similar materials. 

The following conclusions are based 
on the fatigue and notch sensitivity data 
presented in this paper. 

1. Static tension tests performed on | 
two types of unnotched specimens and 
three types of notched specimens indi- 


reduction occurs. This trend may be 
partially explainable on the basis of two 
opposing factors introduced by the 
notch: the weakening effect of stress con- 
centrations versus the strengthening 
effect which the notch offers in confining 
the reduction in area preceding fracture. 

2. Based on limited tests not re- 
ported in this paper, the 100-hr stress- 
rupture strength of all specimen types at 
room temperature are approximately the 
same as the static tensile strength. 

3. The axial stress fatigue properties 
of unnotched and notched 14S-T6 are 
practically equal to those of 24S-T4 at 
all stress ratios from static tension to 
reversed stress. The properties deter- 
mined in this program checked prior 
work within practical limits. 

4. Even though the static properties 
of the 75S-T6 used in this program are 
normal, the fatigue properties are ab- 
normally low and significantly below 
those of 14S-T6 and 24S-T4. In general, 
there appears to be greater divergence 


cate an approximate 25 per cent increase _ . 
in strength up to a theoretical notch — 
severity of 2.5, beyond which a significant 
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in fatigue properties of different lots of 
75S-T6 than in 14S-T4 and 24S-T4. 

5. The stress range diagrams (S, versus 
Sm for fixed number of cycles to failure) 
display extreme flatness and upward con- 
cavity for notched specimens. In the 
sharply notched specimens, for example, 
adding only 15 per cent alternating stress 
reduces the allowable mean load by an 
average of approximately 70 per cent. 
Thus, small magnitude vibrations fre- 
quently encountered in service, and 
sometimes ignored as being insignificant, 
may affect greatly the mean load carrying 
capacity of notched parts exposed to a 
large number of fatigue cycles. 

6. Stress range data for 14S-T6 plotted 
on a completely unitless basis (ordinate 
and abscissa intercept arbitrarily made 
equal to one for all lives) fall within 
bands for each specimen type. For the 
unnotched and mildly notched specimen, 
a straight line joining the two unity 
values provides a reasonable approxima- 
tion, which in most cases is somewhat 
conservative. In the sharply notched 
specimen, however, the band is S-shaped 
such that the data fall significantly 
below the straight line relationship for 
high alternating-mean ratios and some- 
what above for low alternating-mean 
ratios. The same general patterns are 
evident in the 24S-T4 data except the 
band width is somewhat larger. For 
75S-T6 the band width for the data on 
unnotched specimens is still wider and 
the long-life points fall considerably 
below the straight line relationship. For 
all materials in a severely notched con- 
dition, the data fall significantly below 
the straight line relationship at high 
alternating-mean ratios. 

7. The fatigue strength reduction fac- 
tor K; plotted as a surface within an 
alternating stress versus mean stress 
coordinate system reveals, in general, 
contour lines which are inclined. This 
means that, in general, both alternating 
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and mean stress significantly affect Kz, 
although in some regions one type of stress 
may be more critical than the other. 

8. For the severely notched specimens 
at high alternating-mean ratios (A 
above 0.25), contour lines are reasonably 
straight and have an inclination with the 
horizontal between approximately 10 to 
30 deg. At low ratios in the fatigue 
failure region, the slope of the K; surface 
is extremely sharp (contour lines close 
together), which indicates that adding 
relatively little alternating stress to a 
high mean load greatly increases notch 
sensitivity. The peak of the K; surface 
extends over a narrow platecu, covering 
alternating-mean ratios from infinity to 
approximately 0.25. The maximum Ky 
values observed are 2.4, 2.6, and 2.0 for 
14S-T6, 24S-T4, and 75S-T6, respec- 
tively, compared with a theoretical notch 
sensitivity factor for the severely notched 
specimens of 3.4. 

9. The specimens of 14S-T6 and 
24S-T4 with the intermediate notch 
(K, = 2.4) display approximately the 
same characteristics as those of the sharp 
notch, except that the effects are not so 
pronounced. The maximum Ky; occurs 
along a plateau in the K¢ surface ex- 
tending from alternating-mean ratio 
toward a ratio of 0.15 at low stress mag- 
nitude. Maximum values of K; are 1.8 
for 14S-T6 and 2.2 for 24S-T4. 

10. The mildly notched specimens 
display approximately the same type of 
K; surface except that the peak is con- 
fined to alternating-mean ratios near 
infinity. The maximum K; values are 
1.3 for both 14S-T6 and 24S-T4 and 1.2 
for 75S-T6 compared to a theoretical 
value of 1.6. 

11. In order to more clearly reveal the 
effects of specimen life, the K+ surfaces 
were also plotted for each material within 
a stress ratio versus number of cycles to 
failure coordinate system. Here again 
the slopes of the K¢ contour lines indicate 
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that both stress ratio and life may be of 
critical importance, depending on the 
region. For the sharp-notch specimens, a 
circularly shaped plateau appears in the 
K; surface in the region of high alternat- 
ing-mean ratio A and long life. For short 
fatigue lives the contour lines are es- 
sentially horizontal, indicating that stress 
ratio is considerably more critical than 
life. Thus, the addition of small alternat- 
ing stress to a high mean load critically 
affects the fatigue strength reduction 
factor only at long fatigue life. The 
intermediate-notch and mild-notch speci- 
displayed somewhat similar 
behavior. 

12. Plots were made of the notch sen- 
sitivity index g for the three types of 
notch specimens within a mean stress 
versus alternating stress coordinate sys- 
tem to determine if g is independent of 
notch geometry. As has been established 
in the past, g is greatly dependent on 
notch geometry and is not a true material 
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Mr. JosepH Marin.'—I should like 
to ask Mr. Lazan if anything has been 
done on the prediction of the mean- 
variable stress fatigue strength relation 
for notched bars based on the unnotched 
specimen behavior. Such a prediction 
would include a consideration of the 
influence of combined stresses. 

Mr. B. J. Lazan (author).—We have 
made no attempt beyond using Neuber’s 
relationship to correlate the notch and 
unnotched fatigue strength. One factor 


involved in such a correlation is whether 
to apply the stress concentration factor 
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(19) B. J. Lazan and E. Westberg, “‘The Effect 
of Tensile and Compressive Fatigue Stress 
on Creep, Rupture, and Ductility Proper- 
ties of Temperature Resistant Materials,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
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DISCUSSION 


on the alternating stress only, or on both 
the alternating and mean stress. As in- 
dicated in the figures which show Ky as 
a function of mean and alternating stress, 
this is not a simple problem. 

Mr. Haroip HeEssinc.*—In Fig. 1 no 
point is plotted for the 75S-T6 curve at 
the stress concentration factor 2.4. Does 
this actually represent lack of data? 

Mr. Lazan.—No point was procured 
for 75S-T6 at K, = 2.4. However, the 
trend established by the other two ma- 
terials is well defined; therefore, the 
75S-T6 curve is probably not far off. 


D nan, Department of the Navy, Washington, 
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AN INVESTIGATION OF THE EFFECTS OF OVERSTRESS ON THE | 
_ FATIGUE CHARACTERISTICS OF CERTAIN WROUGHT SHEET 
i MAGNESIUM ALLOYS*! 


By F. S. AND J. VIGLIONE? 
SYNOPSIS 


A number of studies were conducted at the Naval Air Experimental Station 
in an attempt to determine to what extent the mechanical properties of mag- 
nesium alloys used in stressed structures in naval aircraft were affected by 7 


service stresses. These studies revealed the need for a comprehensive investiga- : 
tion evaluating the effects of the controlled prestress upon the fatigue strength 
of wrought magnesium alloys. 

In this investigation the effects of overstressing of cold-rolled AZ61A and 
AZ31A magnesium alloys have been determined and correlated with the loca- 
tion of the damage line. It was found that these magnesium alloys were 
damaged in fatigue by understressing as well as by overstressing, whenever the 
prestress condition was above the damage line. The damage effect was greatest 
at the higher prestress levels, leading to the conclusion that the amount of 
damage is more a consequence of the magnitude of the prestress than of the 
number of stress applications. It was also shown that the fatigue strength and 
the fatigue life of these alloys was neither raised nor extended by prior under- 
stressing below the damage line. The tensile properties seemed to be unchanged 
by prestressing occurring either above or below the damage line. —_~ 


Fatigue is one of the most important the remaining life before actual failure is 
contributing factors causing sudden relatively brief. There is no known feas- 
mechanical failure of highly stressed ible non-destructive inspection method 
structural aircraft component members of determining damage occurring during 
while in service. It is reasonable to as- the precrack stage. Although a consider- 
sume that the structural members are able amount of experimental research 
being damaged as a result of service has been done to obtain data applying to 
stressing occurring during flight. How- the fatigue life of a specific part or struc- 
ever, the extent of the damage cannot be _ ture used in a particular machine, there is 
detected or ascertained until the visible little known fundamental information 
cracks are formed, and when thishappens available that can ultimately lead to an 

* Presented at the Fifty-sixth Annual Meeting of the explanation of the behavior of basic 
expressed are the private materials under repeated stress, par- 
ones af the and ape pot kobe ticularly as concerns quantitative dam- 
naval service at large. 


2 Head and Metaliurgist, respectively, Metallurgical @§€ Prior to the appearance of a visible 
Division, Aeronautical Materials Laboratory, Naval Air 


Experimental Station, Philadelphia, Pa. crack. ar 
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TABLE I.—FATIGUE STRENGTH OF SPECIMENS 
OF SAMPLES FROM DIFFERENT LOCATIONS OF 
WING PANELS. 
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panels. It was found that there was little 
or no change, from the original, in tensile, 


The Bureau of Aeronautics, aware of 
the necessity for compiling pertinent 
fundamental information on the me- 
chanical properties of light non-ferrous 
alloys used in stressed structures which 
have been in service for a considerable 
length of time, authorized the Naval Air 
Experimental Station to conduct several 
metallurgical examinations of some wing 


Fatigue Strength Based on 50 compressive, and hardness properties of 
Bliien Cyctes the AZ61A and AZ31A magnesium alloy 
AZ61A Alloy | AZ31A Alloy and extruded formers removed from 
the wing panels. However, the fatigue 
Reduc- Reduc- 
ot Weel wt oe strength was reduced as compared to the 
cent percent fatigue strength of unstressed virgin 
Group 10-0 10 soo | 27.1 | 12 250 | 23.0 magnesium alloy, the greatest reduction 
| 12 250| 23.0 ing i in- 
Group 3.0... 13 250| 10.2 | 11 500| 28.0 Occurring in samples removed from in 
Group 4.............. 13 750| 6.8 | 1 12.0 board sections adjacent to the area of 
13 500| 8.5 | 13 500| 16.0 : 
Group cat 13 | | 13000) 19.0 maximum prestress. Independent tests 
conducted by the Dow Chemical Co. 
Sheet Fatigue Strength 
Code Test Groups Thick. | ot 5x10? Cycles 
—— | Unstressed Metal 0.040" 14750 psi 
——| No.1 (Mox Prestress) | 0.045" 10800 psi 
-----| No.4(Min Prestress) | 0.035" 13.750 psi 
000 Fy 
\ 
\ 
25000 Failure in 
\ Static Test [2] [s] 
ry 
% 20000 
= ant General Location of Test Groups 
~ > 
~ 
15.000 =< 
— 
—< al 
10 000 = 
105 107 108 


Cycles to Failure 
Fic. 1.—Effect of Flight Stresses on Fatigue Strength AZ61A Magnesium Alloy. 


on similar samples removed from the 
same wing panels generally confirmed the 
results obtained at the Naval Air Ex- 
perimental Station that fatigue strength 
has been impaired by service use while 
static strength had not. Summarized 
results of the tests of the wing panel 


@ * The boldface numbers in parentheses refer to the list 
Teferences to this paper, see p. 882. 
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specimens are shown in tabular form in 
Table I, with a specific typical example 
illustrated in Fig. 1. 

It could not be stated for certain what 
effects, quantitatively, specific service 
stresses had had upon the magnesium 
sheet material removed from the wing 
panels, since neither the type, magnitude, 
nor the number of service stress applica- 
tions were exactly known. It was be- 
lieved that a better approach to the 
problem would be constituted by a com- 
prehensive study evaluating the effects 
of controlled prestress on the mechanical 
properties of wrought magnesium sheet 
material whose mechanical properties 
could be accurately determined in the 
unstressed condition. Thus, a_ test 
program was initiated to study the ef- 
fects of overstress on the fatigue strength 
of AZ6iA and AZ31A magnesium 
alloys, with special attention to over- 
stressing at levels near the maximum 
condition of stress and low number of 
reversals of stress. Such a study would 
attempt to correlate laboratory fatigue 
test results with service history in hopes 
of finding a reasonably satisfactory 
means of predicting probable service 
life, or would attempt at least to de- 
termine a trend which might ultimately 
develop as a basis for additional design 
criteria for light alloys. 

Although AZ61A sheet material is no 
longer used in new naval aircraft con- 
struction and is not commercially ob- 
tainable, a sufficient quantity was im- 
mediately available at the Naval Air 
Experimental Station for tests and for 
use in orienting the scope and details of 
the later and more important phases of 
the project when studying the effects 
of prestress in AZ31A. 

Of course, it is realized that the effect 
of prestress on the fatigue life of mag- 
nesium alloys as performed in the 
laboratory is not exactly analogous to the 


members of aircraft component parts. 
In the laboratory, the maximum ine 
tensity of stress per cycle is a 
constant during the life of the specimen, 
whereas the aircraft structural parts are 
subject to repeated applications of loads 
of varying magnitudes and random fluc- 
tuations, where both the maximum and 
minimum intensity of load during suc- 
cessive cycles are subject to variations. 
An airplane wing, for example, must 
support not only the weight of the plane, 
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TABLE II.—CHEMICAL COMPOSITION AND 
MECHANICAL PROPERTIES. 


AZ31A 


AZ61A | 


CuemicaL Composition, PER CENT 


Aluminum 


5.8 to 7.2 2.5 to 3.5 

0.4t01.5 | 0.7 to1.3 
Silicon (min).............. 0.3 0.3 
(max).. 0.05 | 0.05 
Nickel 0.005 0.005 
Iron (max). . 0.005 0.005 

0.3 | 0.3 
a Remainder | Remai 


| Be 


MECHANICAL PROPERTIES 


Tensile song?’ psi. 47 300 41 100 
Yield strength,* psi....... 36 000 
in 2 in., per 
Sollgue strength, psi...... 13 000 14 000 


31 300 
* @ Yield strength based on 0. 2 per. per cent offset method. 


which is a steady load, but also a rela- 
tively light fluctuating load due to steady 
gusts when flying at cruising speeds and 
a high fluctuating load due to either 
large and sudden wind gusts or dives, 


which occur somewhat eS 


Thus, in the case of some aircraft struc- 
tural component parts, we have the pos- 
sibility of a large number of applications 
of a relatively small load and a small 
number of applications of a large load 
all superimposed randomly upon a steady 
load. Although the laboratory tests, in 
this investigation, did not simulate actual 
fluctuating service stresses, the primary 
objective of the investigation was to 
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accumulate fundamental damage data 
which could be used as a basis for a more 
complicated study under a laboratory 
environment that more nearly ap- 
proached actual service conditions. 


MATERIALS AND PROCEDURES 


The AZ61A and the AZ31A mag- 
nesium alloys were supplied in sheet 
form, 0.064-in. nomnial thickness. The 
AZ61A alloy had a chrome pickled 
finish and the AZ31A alloy was fur- 
nished in the oiled condition, with 
nominal chemical composition and me- 
chanical properties, respectively, as 
shown in Table II. 

Mechanical property values for the 
AZ61A alloy were determined at the 
Naval Air Experimental Station; all 
tensile property values are the average 
of at least two specimens. Similar values 
for the AZ31A alloy were reported by the 
Dow Chemical Co. (Certification of 
Properties). In both cases the fatigue 
strength characteristics were determined 
at the Naval Air Experimental Station 
and are based on 100 million cycles. 

Sheet flexure fatigue tests were carried 
out on constant amplitude fatigue test- 
ing machines, capable of reproducing all 
ranges of bending stresses by merely 
shifting the gripping vise from the neu- 
tral position and by appropriately vary- 
ing the degree of bending by means of 
the eccentric variable throw crank. With 
the gripping vise in the neutral position 
the specimen is subjected to completely 
reversed bending stresses, the range of 
stress used throughout this investigation. 
A preliminary study indicated that the 
test was substantially one of uniform 
stress, until cracks developed, and that 
no adjustment in eccentric setting was 
necessary to maintain constant stress on 
the specimen during the progress of the 
test. 
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The terms overstressing and under- 
stressing, as normally used, are related 
to stresses above or below the fatigue 
limit, which is defined as the highest 
unit stress whose repeated application 
can be indefinitely endured without 
failure. These terms are somewhat ar- 
bitrary for most non-ferrous alloys, which 
have no definite fatigue limit. Materials 
which fall in this category, such as mag- 
nesium alloys, may be studied by sub- 
jecting the metal to repeated stress cycles 
short of failure and then subsequently 
raising or lowering the stress with respect 
to the prestress and observing an in- 
crease or a decrease in specimen life, as 
compared with that of the metal not 
prestressed. 

Damage and its effect on the fatigue 
properties of the magnesium alloys was 
investigated by (1) determining a dam- 
age line, (2) determining quantitative 
damage, (3) comparing life of under- 
stressed and overstressed specimens 
with that of specimens not prestressed, 
and (4) verifying the damage line, as 
follows: 

1. The damage line was obtained by 
overstressing specimens for a given num- 
ber of cycles at some stress above the 
fatigue strength for 100 million cycles (as 
determined by test) and subsequently 
retesting the same specimen at this 
predetermined fatigue strength. Those 
retested specimens failing short of the 
100 million cycles were considered dam- 
aged, whereas those which did not fail at 
100 million cycles were presumed to be 
undamaged. 

2. Quantitative damage determina- 
tion was accomplished by subjecting an 
entire group of specimens to repeated 
stress all at the same stress level and 
number of cycles, and subsequently de- 
termining the fatigue strength of the 
prestressed material at 100 million cycles. 
If the fatigue strength of the prestressed 
group was lower than that for the virgin 
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Fatigue Strength at 108 Cycles= 13000 psi 


Specimens for Determining Damage Line were 
Pre-stressed at Stress and Number of Cycles 
Indicated on Plot, then Re-tested at 13000 psi 
with Results Shown: 


| © Failed at Cycles Noted 
O- No Failure at 108 Cycles 


25 000 


8 


Alex 10e 


Stress, psi 
i 
~ 


10000 
e 
S 
\- 
| 104 105 106 107 
€ Cycles to Failure 
. Fic. 2.—AZ61A Magnesium Alloy Scatter Band and Damage Line. 
i, 
iS 
y 
1- 
Fatigue Strength at 108 Cycles= 14500 psi 
1S _ 30000 Specimens for Determining Damage Line were 
Pre-stressed ot Stress and Number of Cycles 
y Indicated on Plot, then Re-tested at 14500 
1S 4 106 psi with Results Shown. 
se 25000 © Failure at Cycles Noted 
O> No Failure ot 108 Cycles 
n- 2,2 x 105 | | 
at a 1 || (152x108 | 
ye Damage Line it~ ~ 21.7x106 
29.6 x 10& 4 
= 
a 15000 77777, Lib ys 
in 
od 10000 
id 
he 
5000 
es, 104 105 106 107 
ed 7 Cycles to Failure 
in 7 7 Fic. 3.—AZ31A Magnesium Alloy Scatter Band and Damage Line, 
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material, the group was presumably 
damaged. Similarly, if the fatigue 
strength of the prestressed group proved 
to be either higher than or equal to that 
of the virgin metal, then this group was 
considered to have been either improved 
or undamaged, respectively. 

3. The effect of understressing and 
overstressing was evaluated by subject- 
ing specimens to cycles of stress short of 
failure and subsequently retesting at 
higher and lower stresses and comparing 
their fatigue lives with those of specimens 
of virgin material tested at these higher 
and lower stresses. 

4. To verify the damage line, three 
groups of four specimens each were pre- 
stressed (short of failure) for the same 
number of cycles but at three different 
stress levels, respectively, below the 
damage line. These prestressed speci- 
mens were tested at a single stress, which 
for failed virgin material resulted in 
points on the S-N diagram above the 
damage line. Evidence of no change in 
the life of the specimens at the latter 
test stress, as compared with the speci- 
men life shown by the curve for the virgin 
material, was assumed to indicate satis- 
factory determination of the damage 
line. 

In an effort to determine what effects, 
if any, prestressing had upon the tensile 
qualities of the alloys, a number of 
tenison fatigue specimens were over- 
stressed and understressed in a tension 
fatigue testing machine, above and below 
the damage line, respectively. Standard 
tension specimens were then machined 
from these prestressed fatigue specimens, 
tested in static tension and the results 
compared with those of the unstressed 
control group. To insure damage, two 
specimens of each test group were tested 
to failure. thus establishing a correlation 


WILLIAMS AND VIGLIONE 


between tension and flexure fatigue tests 
and appropriately prestressing the re- 
mainder of the specimens short of failure. 
In this case, prestressing was done on a 
tension fatigue testing machine in order 
to obtain prestressed fatigue specimens 
sufficiently large to convert into standard 
tension specimens, a procedure not 
otherwise possible if the fatigue speci- 
mens had been prestressed in a flexure 
fatigue testing machine. 


TABLE III.—EFFECT OF PRESTRESS ON 
FATIGUE STRENGTH. 


Percentage 
Prestress 
|from Unstr- 
Stress, psi | Cycles ps essed Metal 
AZ61A ALLoy 
28 000 10 000...... 0 000 23.0 
25 000 20 000...... 11 000 15.0 
10 000 1 000 000...... 13 000 0 
000 20 000 000...... 13 000 0 
Unstressed metal........:.... 1 0 
AZ31A ALLoy 
28 000 ee 12 000 17.3 
25 000 20 000...... 12 500 13.8 
20 000 50 000.. 12 500 13.8 
15 000 1 000 000...... 14 500 0 
10 000 10 000 000...... 14 500 0 
8 000 30 000 000...... 0 
5 000 | 100 000 000...... 14 500 0 
Unstressed metal............. 0 


Nore.—Each test group consists of eight specimens. 


RESULTS 


The S-N scatter band for the AZ61A 
and the AZ31A magnesium alloys, to- 
gether with the damage line, are shown 
in Figs. 2 and 3, respectively. The test 
plot points on this and other S-N dia- 
grams have been omitted for reasons of 
clarity to permit presentation of other 
data which can best be evaluated by 
visual comparison with the scatter band. 
It may be observed that the damage 
lines pass through the lower portion of 
the scatter band. The results of tests to 
determine quantitatively the damage 
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|Fotigue 
Test Group Code} "ot 108 Cycles 
N Unstressed Metal A 13000 psi 
A 
Stressed-8000 psi x 2x10" Cycles} 8 13 000 psi 
> 
25 000 \ Stressed-10000 psi x 106 Cycles | C 13000 psi 
Stressed -25000 psi x 2x Cycles} D 11.000 psi 
N Stressed- 28000 psi x 104% Cycles} E 10000 psi 
20000 
NUN 
NONE 4 
£ NTN 
” 15000 
™ 
10.000 
5 000 
104 105 106 107 


Fic. 4.—AZ61A Magnesium Alloy Effect of Controlled Prestresses on Fatigue Strength. 


Cycles to Failure 


35000 
Fatigue, Strength 
Test Group Code at 108 Cycles 
Unstressed Metal a | 14 500 psi 
A Stressed —- 5000 psi -108 Cycles | 5 14500 psi 
V Stressed - 8000 psi-3x!0’ Cycles} ¢ | 14500 psi 
Stressed-!0000 psi-!0’Cycles | | 14500psi 
Stressed—I5000 psi- Cycles | — | 14500psi 
44 
10 000 
5000 | 
104 105 108 107 


Fic. 5. ae oe eins Effect on Controlled Prestresses on Fatigue Strength. 
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arising from prestressing at different 
values of prestress and cycles of stress 
applications are summarized in Table 
III, expressed as fatigue strengths at 
100 million cycles, and are shown in 
Fig. 4 for the AZ61A alloy and Figs. 5 
and 6 for the AZ31A alloy. 

The results of re-evaluating specimens 
prestressed within the damage zone, 
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different stress levels (10,000, 13,000, 
and 15,000 psi) below the damage line 
and afterwards evaluated at 18,000 psi 
had fatigue lives that ranged, without 
any systematic pattern, across the scatter 
band for the virgin material at that 
stress. These data are presented in Figs. 
7 and 8. While no definite strengthening 
effect could be attributed to the under- 


Fatiaue Strength 
N Test 
30000 < ™ est Group Code at 108 Cycles 
i Unstressed Metal A 14500 psi 
— 
Stressed-20000 psi-5x10* Cycles | 12500 psi 
wAS 
25 000 Stressed-25000 psi-2x104 Cycles|¢ | 500 psi 
Stressed-28000 psi-104 Cycles | 12000 psi 
4 
= 20 000 
> mi 
10000 
5 000 
104% 105 107 108 


Cycles to Failure 
Fic. 6.—AZ31A Magnesium Alloy Effect of Controlled Prestresses on Fatigue Strength. 


Figs. 7 and 8, for the AZ61A and the 
AZ31A alloys, respectively, indicate that 
the specimens were slightly damaged and 
failed to perform as well as the virgin 
material when evaluated at stress levels 
above or below the prestress value; that 
is, the material was damaged by this 
relative understressing as well as by the 
overstressing. This behavior appears to 
be adequately explained by the fact that 
the prestress exceeded the minimum 
stress to cause damage, as predicted 
from the damage line. Groups of speci- 
mens prestressed one million cycles at 


stressing, the absence of any pronounced 
noticeable damage resulting from the 
prestress serves to verify the location of 
the damage line. 

The results of the effects of fatigue 
prestress on the static tensile charac- 
teristics of the magnesium alloys are 
listed in Table IV. It is apparent that 
the tensile properties of the prestressed 
specimens (whether prestressed above or 
below the damage line) were unchanged 
from those of the unstressed virgin 
specimens. 
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O-8 Specimens Pre-stressed at 22500 psi x30xI0> Cycles| 
30000 b then Re-tested, 4 Specimens at 20000 psi and 4 


Specimens at 25000 psi, with Results Shown. 


@-4Specimens Pre-stressed 10© Cycles at 15 000 psi 
@-4Specimens Pre-stressed 10© Cycles at 13000 psi 


25 000 Speci Pre-stressed 10® Cycles at 10000 psi 
" These Specimens Retested at |8000 psi with Results 
Shown 
@—> Representation of No Failure 
= 20000 
a 
o 
Damage Line 
15000 
10000 
$000 
104 108 106 107 
Cycles to Failure 
A Fic. 7.—AZ61A Magnesium Alloy Damage Line versus Overstressing and Understressing. 
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© 8Specimens Pre-stressed at 22500 psi-30xI0> Cycles 
30000 then Re-tested 4 Specimens at 20000 psi and 4 
7M Specimens ot 25000 psi, with Result Shown. 
@ 4Specimens Pre-stressed 106 Cycles at 15000 psi 
e4 Specimens Pre-stressed 106 Cycles at 13000 psi 
25 000 © 45Sp Pre-stressed 10© Cycles at 10000 psi 
N These Specimens Re-tested at 18000 psi with 
Results Shown. 
O-Representation of No Failure 
20000 
10000 
e 
~§000 
104 105 106 107 


Cycles- to Failure 
Fic. 8.—AZ31A Magnesium Alloy Damage Line versus Overstressing and Understressing. 
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DISCUSSION OF RESULTS 


A literature survey failed to reveal any 
information on the subject of damage 
lines for magnesium alloys. Johnson and 
Oberg (2) reported that aluminum alloy 
propellers retired from service (after the 
number of hours that damage line data 
had indicated as proper time for retire- 
ment), and then tested on a test rig, had 
much shorter lives than new unused pro- 


TABLE IV.—TENSILE TERISTICS AFTER 


PRESTR 
Prestressed } 
Tensile Yield gt 
Strength,*/Strength, b in 
Stress, | psi psi 
psi 'ycles cen 
AZ61A ALLoy 
30 000 10 000... 46 500 37 300 10.5 
25 000 20 000... 46 900 35 700 13.5 
23 000 50 000... 46 300 35 600 11.0 
19 000 200 000... 46 300 36 600 9.0 
16 000 | 1 000 000... 48 300 38 200 12.0 
Unstressed metal....... 47 300 36 000 14.5 
AZ31A ALLoy 
30 000 10 000... 41 700 31 700 13.0 
25 000 30 000... 41 800 30 800 14.5 
23 000 50 000... 41 900 29 800 15.5 
20 000 100 000... 41 000 28 600 16.5 
16 000 |, 1 000 000. 42 100 | 30 400 15.0 
Unstressed metal.. | 41 800 29 900 16.5 
Unstressed metal®...... 41 400 31 300 14.5 


® All tensile property values are avennes of at least two 
i Dow Chemical Co. figures. 
73 cent offset method. 
Co. (Certification of 
Properties). 


pellers. After considerable study, John- 
son also made the very important obser- 
vation that the damage line for specimens 
from a forged aluminum propeller closely 
parallels the lower boundary of the fa- 
tigue scatter band. However, it is to be 
noted that the damage lines for the mag- 
nesium alloys investigated depart rather 
sharply from the scatter band for fatigue 
lives less than 100,000 cycles and 
1,000,000 cycles for the AZ61A and 
AZ31A magnesium alloys, respectively. 
Specimens which had been prestressed 
at low stress levels and great number of 
cycles did not have reduced fatigue life 


at 100 million cycles, nor a marked re- 
duction in fatigue life at the high stress 
levels; rather these low prestressed 
groups of specimens had S-N curves that 
closely followed the lower edges of the 
scatter band for the unstressed material. 
In contrast to this, those specimens pre- 
stressed at high stress levels and few 
cycles either had lower fatigue strengths 
at 100 million cycles or had shortened 
lives when evaluated at either higher or 
lower stresses. This behavior can be 
explained by consideration of the pre- 
stress condition with respect to the dam- 
age line. These prestress conditions 
(combination of cycles and stress) falling 
above the damage line, deleteriously 
affected the subsequent fatigue per- 
formance of the test specimens. Con- 
versely, no damage was observed as a 
result of prestress conditions falling 
below the damage line. These results 
serve to verify the location of the damage 
line. 

It is of interest to observe that there 
appears to be no instance in which the 
magnesium alloys are strengthened by 
understressing, in marked contrast to the 
behavior of the carbon or low-alloy con- 
structional steels which are strengthened 
by understressing, as reported by Bat- 
telle (3). The data presented herein 
indicate that understressing or over- 
stressing magnesium alloys is detri- 
mental only if either occurs above the 
damage line, but results in neither de- 
creasing nor increasing the specimen 
fatigue life if occurring below the damage 
line. 

It is to be noted that the prestressing 
of the tension specimens was done in an 
axial load type fatigue testing machine 
with stress range of minimum tensile to 
maximum tensile for a stress ratio of 0.25, 
whereas the prestressing of the fatigue 
specimens was done in a flexure fatigue 
testing machine with a stress range of 
maximum compression to maximum ten- 
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sion, for a stress ratio of —1. As a con- 
sequence of this, the effect of prestressing 
the tension specimens was not as great 
as the effect of prestressing the flexure 
fatigue specimens, for the same stress 
levels. But the higher prestress levels of 
the tension fatigue specimens were 
chosen to fall considerably above the 
damage line, close to the S-N curve, after 
a correlation between tensile and flexure 
fatigue values was established, to insure 
that damage did take place. 

The damaging effect brought about by 
certain prestress on the magnesium alloys 
investigated can best be conveniently 
explained by the cumulative damage (4) 
theory which theorizes that fatigue dam- 
age and eventual failure occur from using 
up of some percentage of the initial 
fatigue life of the material under varying 
amplitudes of stress. It may be said that 
during each cycle of stress, the material 
is progressively undergoing damage until 
failure occurs. With prestress, part of 
the life corresponding to the virgin S-N 
curve for that stress, is used up to initiate 
damage on a submicroscopic scale long 
before any signs of damage become vis- 
ible on a microscopic scale. If fatigue 
damage is considered in this light, it is 
apparent that prestress, either service or 
controlled, would have a tendency to 
translate the original S-N curve leftward 
an amount depending upon the amount 
of damage, that is, the magnitude of the 
prestress and the number of stress ap- 
plications. This would mean that some 
of the original fatigue life at high stress 
levels had been expended without an 
appreciable change in the fatigue life at 
low stress levels, particularly at the 
fatigue strength corresponding to 100 
million cycles, which was arbitrarily 
used as a criterion for comparison. 

In the studies reported in this paper, 
it seems that all of the S-N curves of the 


groups prestressed at low stress levels, - 
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that is, up to 10,000 psi for the AZ61A 
alloy and 15,000 psi for the AZ31A 
alloy, the S-N curves were translated 
slightly to the left, so that the compara- 
tive fatigue strength at 100 million cycles 
remained unchanged, although fatigue 
life at higher stress levels was somewhat 
reduced. However, the S-N curves of the 
higher prestressed groups took the form 
of a downward shift which denotes a 
reduction in fatigue life as well as a de- 
crease in the fatigue strength of 100 
million cycles. As postulated by one 
investigator (1), it is possible that the 
“‘percentage-life-used” (cumulative dam- 
age theory) is applicable over the low 
prestress ranges, but that higher pre- — 
stress tends to produce ‘“reduced-en- 
durance-limit” type of damage. An ad- 
ditional explanation offered would be 
that the “‘reduced-endurance-limit” type 
of damage is the primary one and always 
present, but that continued application 
of low stress cycles “coaxed” some of the 
life back into the material to obscure 
some of the damage taking place at the 
lower stress levels. 

An attempt was made to analyze 
statistically the test data, since it appears 
to be fairly well established that both 
fatigue life and fatigue limit values are 
statistical quantities. An analysis of the 
problem indicated that it was impossible 
to give a significance test to the statistical 
coefficients with so few data. It is con- 
sidered that at least 20 combinations of 
applied cyclic stress and corresponding 
fatigue strength values are necessary in 
order to obtain a good estimate, by sta- 
tistical analysis, of the effects of over- 
stress and understress on these alloys. 
This requirement would be extremely 
difficult to meet within the scope of this 
investigation, which was to be more of a 
qualitative exploratory nature intended 
only to indicate trends and effects, to be 
followed by similar and more compre- 


O 
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hensive investigations if the conclusions 
so warranted. 

It is appreciated that the scatter of 
fatigue tests is inherently large and that 
the range of scatter can be reduced by 
extreme care in selection and preparation 
of specimens, but essentially fatigue data 
is highly statistical in character (5). It 
has been shown by other investigators 
that fatigue properties exhibit a rather 
large statistical variability, larger than 
commonly appreciated. Six experimental 
factors were examined by Ransom and 
Mehl (6) for their possible contribution 
to this observed variability. In no case 
was there conclusive proof that an ex- 
perimental factor contributed to the 
scatter, leading to the conclusion that 
fatigue is truly a statistical phenomena. 

It can be said that this latter con- 
sideration has not received enough at- 
tention in this investigation, but it is 
again emphasized that the nature and 
scope of this study precluded testing 
large quantities of specimens for proper 
statistical analysis. If further investiga- 
tion along these lines is contemplated, 
it would be desirable to concentrate all 
efforts on one alloy to obtain a complete 
and adequate set of data and plan in ad- 


(1) “Static and Fatigue Properties of J-ih 
Sheet After Service Use in SNJ Wing Panel 
No. 1014-8L,” Report No. 15176, File No. 
1447, Dow Chemical Co., Midland, Mich. 

(2) J. B. Johnson and E. T. Oberg, “Airplane 

Propeller Blade Life,” Metals and Alloys, 

Vol. 8, pp. 259-262 (1938). 

Battelle Memorial Institute, ‘Prevention 
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of a Cooperative Research Project Spon- 


(3 


~ 


(4) 


REFERENCES 


WILLIAMS AND VIGLIONE 


vance for testing at predetermined values 
of cyclic prestress applications designed 
to give best statistical analysis. 


CONCLUSIONS 


The wrought magnesium alloys in- 
vestigated were shown to have very 
definite damage lines which passed 
through the lower part of the scatter 
band at 100,000 cycles in the case of the 
AZ61A alloy and at one million cycles for 
the AZ31A alloy. Both the magnesium 
alloys have been found to be damaged in 
fatigue by understressing as well as by 
overstressing, whenever the prestress 
condition was above the damage line. On 
the other hand, neither the fatigue 
strength nor the fatigue life of either of 
these alloys was raised, or extended, by 
understressing below the. damage line. 

In either case, the prestress damaging 
effect was greater as the prestress in- 
creased, indicating the damage to be 
dependent more upon the magnitude of 
the prestress rather than upon the num- 
ber of cycles. 

The tensile properties of the mag- 
nesium alloys seem to be unaffected by 
prestressing occurring either above or 
below the damage line. 
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DISCUSSION = 


Mr. P. R. Tootrn.'—As the fatigue 
machines used in this investigation were 
of the constant deflection type and as the 
stiffnesses of specimens from some ma- 
terials change appreciably during a 
fatigue test, one wonders if the authors 
noted any such change in these mag- 
nesium alloy specimens. 

In regard to the damage line, it would 
be interesting to know if an attempt was 
made to associate this line with very 
minute cracks or with large amounts of 
slip. Observations on the rate of growth 
of the fatigue cracks would also be of 
interest. 

Mr. Evan H. Scnuetre.2—The au- 
thors describe a part of the effect of 
damage as a “reduction in fatigue 
strength.” If the existence of an en- 
durance limit has been demonstrated, 
and if it is possible to prestress in some 
fashion so that the subsequent endurance 
limit is clearly lowered, then it can truly 
be said that a reduction in fatigue 
strength has occurred. In the present 
instance, however, there is no evidence 
that the endurance limit has been 
reached. Thus the movement of the S-N 
curve might better be referred to as a 
reduction in fatigue life. 

With reference to Mr. Toolin’s com- 
ments, we have made some preliminary 
investigations of the crack-propagating 
characteristics of two sand-cast mag- 
nesium alloys, H-T4 and ZK51A-TS. The 

1 Mechanics Department, Research Laboratories, 


Westinghouse Electric Corp., East Pittsburgh, Pa. 
2 The Dow Chemical Co., Midland, Mich. 
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H-T4 gave extrapolated evidence that 
cracking began almost from the initial 
cycle, propagating slowly and steadily 
thereafter—an especially convenient sit- 
uation from the inspection standpoint. 
In ZK51A-T5, however, no evidence of 
cracking was found until just prior to 
complete failure. While these results are 
from a rather sketchy investigation, they 
do indicate the possibility of wide varia- 
tion among alloys, along with the impli- 
cation that initial cracking may in some 
cases have doubtful significance as a 
measure of fatigue life. 

We have found that the errors result- — 
ing from work stiffening of a specimen 
during a constant-deflection fatigue test 
are quite small for hard-rolled material, 
such as J-ih* or FS-ih.* Changes of this 
kind are of real significance when testing 
material that is initially in a relatively 
soft condition. 

Mr. Frank A. McCuintocx.*—What 
results are obtained when the effect of 
overstressing is analyzed according to 
Miner* by summing for each specimen 
the number of cycles at each stress di- 
vided by the number of cycles to failure 
of a virgin specimen at that stress and 
comparing the sum to unity? 

Messrs. J. VIGLIONE AND F. S. 
(authors’ closure)—The authors 
wish to thank Messrs. Toolin, Schuette, 
and McClintock for their discussion of 
this paper. In reply to Mr. Toolin’s ques- _ 
tions, no change in the stiffness of the J1- 


* Current designations: and FS1-24. 
* Assistant Professor, husetts Institute all 
Technology, Cambridge, Mass. 
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H24 and FS1-H24 magnesium alloys 
test specimens was found to occur during 
the progress of the tests. With regard to 
the damage line, no attempt was made 
to relate the formation of minute fatigue 
cracks with the location of the line. 
However, in the use of specimens of these 
alloys to obtain small fatigue cracks for 
sensitivity studies of dye inspection 
penetrants it was found that the cracks 
formed late and progressed very rapidly. 

Mr. Schuette has raised an interesting 
point in connection with the description 
of the damage, in holding that the dam- 
age is better expressed as a reduction in 
fatigue life rather than-a reduction in 
fatigue strength. In view of the fact that 
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an endurance limit has not been reached 
in this case, it appears that either of the 
two expressions describes the damage, 
that is, a reduction in fatigue life would 
shift the S-N curves to the left and in the 
process result in the fatigue strength 
(stress for a specified finite life) being re- 
duced. Mr. Schuette’s observations re- 
garding the smallness of errors resulting 
from work stiffening of these alloys dur- 
ing constant-deflection fatigue tests are 
appreciated. 

In reply to Mr. McClintock’s question, 
no attempt was made to analyze the data 
according to Miner.‘ 


4M. Miner, ‘Cumulative Damage in Fatigue,’ 
Journal opted Mechanics, Vol. 12, Sept., 1945. 
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AN INVESTIGATION OF THE PROT ACCELERATED FATIGUE TEST* 


By E. J. Warp, R. T. anp D. C. Scowartz! 


Prot (1)? has proposed a method of 
accelerated fatigue testing for the pur- 
pose of obtaining the endurance limit in 
less time than is required by determining 
the usual stress-cycle diagram. The 
latter procedure is particularly time 
consuming if it is desired to obtain an 
estimate of the scatter about the endur- 
ance limit, because tests of a large num- 
ber of specimens for a large number of 
cycles of stress are required. 

The Prot procedure consists of con- 
tinuously increasing, at a constant rate, 
the amplitude of the cyclic stress in a 
specimen, starting at a low stress below 
the estimated endurance limit, until 
failure occurs. Specimens are tested at 
several rates of increase of the ampli- 
tude, and the failure stresses obtained 
are plotted against the square root of 
the rate. The cyclic stress frequency in 
all cases is constant. Prot proposed that 
a straight line drawn through the failure 
stresses will intersect the zero rate at 
the endurance limit. 

This work was undertaken as a pre- 
liminary investigation of the accuracy of 
Prot’s accelerated method for estimating 
the mean endurance limit, and also the 
scatter about the endurance limit, for 
virgin and for welded SAE 4340 steel. 

* Presented at the bi? sixth Annual Meeting of the 
Society, June 28-July 3, 

Wright Air Center, Dayton, Ohio. 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 891. 


Rotating-beam specimens were ma- 
chined from the shanks of two propeller 
blades, referred to as blades 28 and 37. 
Two groups of specimens were taken 
from each blade; in one group the speci- 
mens were parent metal and in the other 
group the specimens contained a trans- 
verse flash weld at the center. The ma- 
terial was SAE 4340 steel heat treated 
to a Vickers hardness of 360 (estimated 
tensile strength of approximately 160,000 
psi). 


PROCEDURE 


All specimens were tested in R. R. 
Moore Type rotating-beam machines. 
The specimens were the standard R. R. 
Moore type with a 5-in. radius and a 
minimum diameter of 0.300 in. The 
machines on which all the tests were run, 
except those tested at the fastest ac- 
celerated rate of loading, operated at 
10,600 rpm. Those used for the fastest 
rate of loading operated at 3450 rpm. 
It is known that this difference in speed 
of cyclic loading does not appreciably 
affect the fatigue strength in normal 
fatigue testing (2). 

Three rates of increase of the cyclic 
stress amplitude, which Prot terms “ pro- 
gressive loading,” were used. They were 
accomplished by increasing the stress 
— 3000 psi each 300,000 cycles, 3000 psi 
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each 75,000 cycles and 3000 psi each 
33,333 cycles. These increments resulted 
in average rates of loading of 0.01, 0.04, 
and 0.09 psi per cycle, respectively. It 
was assumed that an increase by incre- 
ments would not seriously differ from a 
continuous increasing of the amplitude 
of cyclic stressing. 

The stress was increased by manually 
adding bags of shot weighing 3.75 lb to 
the machine weigh pan. Since the diame- 
ter of the specimens varied a few thous- 
andths of an inch, it was necessary to 
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is tested, and this is continued until a 
specimen fails. The whole procedure 
must be repeated enough times to 
establish the scatter. In this investiga- 
tion, the procedure used differed from 
this only in that, if a specimen ran 10’ 
cycles without failure, testing was con- 
tinued at the next higher stress until 
failure occurred. The increments used 
were 5000 psi, and the failure stresses 
were taken as the endurance limits; this 
means the endurance limits actually 
could be up to 5000 psi lower than these 


TABLE I.—HARDNESS DATA. 


Average 24-kg 
a 
Specimen Stress, psi Cycles Fracture 
Parent | Metal® | Weld 
WELDED SPECIMENS 
Sst ctitncieonicawnnnn 78 200 495 000 _ through, half out- 365 365 359 
side we: 
i kdinckeienronwawes 77 800 1 128 000 Through weld 371 315 312 
83 140 1 217 000 Outside of weld 363 341 348 
| errr 94 800 682 000 Outside of weld 350 376 383 
PARENT METAL SPECIMENS 
EE. | 75 000 | 2 560 000 | | 363 | 356 | 


® The two values are from the two halves of the specimen. 


vary slightly from the number of cycles 
previously listed in order to maintain the 
same loading rate for all specimens. The 
time to failure was 4 to 6 hr for the 0.01 
rate and 1 to 3 hr for the other two rates. 

In order to determine if Prot’s method 
can be used to estimate the scatter about 
the endurance limit, a number of speci- 
mens were tested at each rate of loading 
used. For comparison, it was necessary 
to determine this scatter about the 
endurance limit. 

One method of determining scatter 
about the endurance limit is to test a 
specimen at a certain stress, and if it 
has not failed after 10’ cycles (for steel) 
another specimen is tested at a slightly 
higher stress. If the second specimen 
does not fail after 10’ cycles another one 


failure stresses. With this procedure the 
question of coaxing arises. It may be 
noted that studies by the University of 
Illinois (3) indicate that the degree to 
which the endurance limit may be im- 
proved by coaxing depends upon its 
capacity for strain aging. The fatigue 
strength of non-ferrous metals and high 
hardness steels shows little or no increase 
due to coaxing. Therefore, it is believed 
that the procedure used gave results very 
close to the actual endurance limit, and 
this is confirmed by the fact that the 
results check the available rotating-beam 
endurance limit data for SAE 4340 and 
other steels of this hardness. 

Because of the use of the same speci- 
men at different stresses, this procedure 
actually becomes a very slow loading 
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rate of Prot’s method, (although it is not 
continuous but in 10’ cycle steps), and 
it is of course not an accelerated test. 
Therefore, in plotting the results of the 
accelerated tests to compare with the 
endurance limit, the comparison is not 
made at the zero ordinate, but at a rate 
of 0.0005 psi per cycle, even though there 


TABLE II.—FAILURE STRESSES OF VIRGIN 
SPECIMENS FROM BLADE 37N. 


On Prot ACCELERATED FATIGUE TEST 


manner 10’ cycles were accumulated 
every day until failure occurred. The 
lowest stress at which failure occurred 
was 45,000 psi, so that the welded speci- 
mens tested at the accelerated rates of 
loading were also initially stressed to 
35,000 psi. The lowest stress at which a 
parent metal specimen failed was 75,000 


TABLE III.—FAILURE STRESSES 
SPECIMENS FROM BLADE 2 


|Loading Rate,| Stress® at 


Specimen psi per cycle | Failure , psi 


Rate,| Stress® at 


Specimen psi per cycle | Failure, psi 


Faticue Tests ror EnpurANce Liwit DETERMINATION 


Faticue Tests ror ENpuRANCE DETERMINATION 


90 000 
‘ 90 000 ‘ 
90 000 
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80 000 
75 000 
95 000 


ACCELERATED Faticue Tests 


ACCELERATED FaticuEe TESTS 


0.01 89 000 
3 000 


eeeesss 


$88888 


3888888 


113 


® Initial stress 65,000 psi in all cases. 


is only a very slight difference between 
the two. 

The tests for the determination of the 
endurance limit were run first. The 
welded specimens were initially stressed 
at 35,000 psi. The cyclic stressing on the 
specimens for the determination of the 
endurance limit was started in the late 
afternoon, so that 10’ cycles were com- 
pleted by the next morning, when the 
machine was stopped. That afternoon 
the cyclic stressing was resumed at an 
increase in stress of 5000 psi. In this 


* Initial stress 65,000 psi in all cases. 


psi, so the parent metal specimens tested 
at the accelerated rates were initially 
stressed to 65,000 psi. The procedure 
followed for the parent metal specimens 
was the same as that for the welded 
specimens. 

Vickers hardness measurements were 
made on four welded and one plain speci- 
men using a 2}-kg load (Table I). — 


RESULTS AND DISCUSSIONS = 


The failure stresses for all specimens L 
tested are given in Tables II, II, IV, 
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and V. A statistical analysis of the 
variance of the variables involved in the 
tests was made. The analysis did not 
reveal any significant difference between 
the results obtained from the two pro- 
peller blades; therefore, the data from 
the two blades were combined for plot- 
ting and calculations. 

From the data in the top portions of 


TABLE IV.—FAILURE STRESSES 
SPECIMENS FROM BLAD 


Rate, 


Stress* at 
psi per cycle i 


Specimen Failure, psi 


Faticue Test ror ENpurANce Limit DETERMINATION 


80 000 
Cane 85 000 
45 000 
70 000 
75 000 
ACCELERATED FaticuEe Tests 

0.01 77 000 

80 000 

83 000 

83 000 

80 000 

81 000 

77 000 

0.04 86 000 

83 000 

78 000 

62 000 

80 000 

0.04 95 000 

83 000 

80 000 

90 000 

87 000 

98 000 

89 000 
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standard deviation were calculated. In 
Fig. 1, the failure stresses for the plain 
specimens were plotted against the 
square roots of the rates of loading. The 
mean failure stresses were also plotted. 
A straight line fits the latter points very 
well, and intersects the 0.0005 psi per 
cycle ordinate at 86,000 psi, which is the 


TABLE V.—FAILURE STRESSES OF WELDED 
SPECIMENS FROM BLADE 28 


Loading Rate,| Stress® at 


Specimen psi per cycle | Failure, psi 


Faticue Tests ror EnpurANCcE Limit DETERMINATION 


No. 28W-2.. 70 000 
70 000 
45 000 
75 000 
70 000 
75 000 


ACCELERATED Faticue Tests 


0.01 


0.04 


28 


0.09 


338 


* Initial stress, 35,000 psi in all cases. 


Tables II, III, IV, and V, the mean 
endurance limit for the parent metal 
specimens determined by the described 
procedure was 86,000 psi, and the mean 
endurance limit for the welded specimens 
similarly determined was 70,000 psi. 

In making the statistical analysis of 
the data, it was assumed that the scatter 
in the failure stresses at each rate of 
loading was normally distributed. For 
each of the three accelerated rates of 
loading the mean failure stress and a 


* Initial stress 35,000 psi in all cases. 


mean endurance limit previously ob- 
tained. In Fig. 2, the same procedure was 
followed for the welded specimens, and 
the straight line drawn through the three 
mean failure stresses intersected the 
0.0005 psi per cycle ordinate at 75,000 
psi, compared to the mean endurance 
limit previously obtained of 70,000 psi. 
Therefore, the Prot procedure resulted 
in a better estimate for the parent metal 
specimens than for the welded specimen. 

The 95 per cent confidence limits, 


= 
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Failure Stress, psi 


Failure Stress, psi 


Rate of Loading, psi per cycle 


Fic. 2.—Welded Specimens. 
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which are the range of failure stresses 
within which it can be expected that 95 
per cent of all specimens tested will fail, 
are equal to the mean failure stress + 
twice the standard deviation and are 
shown plotted in Figs. 1 and 2. Since 
for the three accelerated loading rates 
there was not a significant difference in 
the scatter, the values of the 95 per cent 
confidence limits were averaged for these 
three loading rates, and the average was 
used to locate straight lines parallel to 
that through the mean values. Assuming 
these lines to give the ranges of the 95 
per cent confidence limits at the 0.0005 
psi per cycle ordinate, as seen in Fig. 1 
for the parent metal specimens, the range 
obtained was 75,000 to 96,000 psi. All 14 
of the check specimens had failed within 
this range. Also, the 95 per cent confi- 
dence limit range calculated from these 
14 specimens was 71,000 to 101,000 psi. 
However, the range estimated by this 
procedure for the welded specimens was 
62,000 to 88,000 psi, as seen in Fig. 2, 
and only 11 of the 13 check specimens 
failed within this range, while the other 
two failed at 45,000 psi. Also the 95 per 
cent confidence limit range calculated 
from these 13 specimens was 46,000 to 
94,000 psi. Therefore a good estimate for 
the scatter about the mean endurance 
limit was obtained for the parent metal 
specimens, but not for the welded speci- 
mens. There is perhaps an explanation 
for this. It is believed that the four values 
falling outside of the confidence limits 
in Fig. 2, and possibly more, are mem- 
bers of a different population, probably 
defective welds. If such a second popula- 
tion exists among welded specimens, 
three major problems arise: (1) What is 
the probability of a welded specimen 
selected at random being a member of 
such a population? (2) What is the 
distribution function of this population? 
and (3) Will the mean failure stresses at 
each loading rate vary directly as the 
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square roots of the loading rates? If the 
assumption of a second population 
among welded specimens is a correct one, 
the presence of extreme values at the 
lowest loading rate and the apparent 
absence of any such values at the highest 
loading rate may have three different 
explanations: (1) The mean failure 
stresses of the foreign population at each 
loading rate vary directly as the square 
root of the loading rates, but the regres- 
sion equation has a higher slope than for 
the population of welded specimens as a 
whole. (2) The scatter in the second 
population is much larger at lower load- 
ing rates than at higher. (3) The mean 
failure stresses at each loading rate do 
not vary as the square roots of the load- 
ing rates in the second population. 

Study of the failure stresses, magna- 
flux indications, position of fracture, and 
flow line pattern yields the following 
conclusions: (1) In general, specimens 
failing at stresses above 75,000 psi broke 
outside the weld and those failing at or 
below 75,000 psi broke through the weld. 
(2) Specimens failing at unusually low 
stresses had magnaflux indications of 
flaws and exhibited a tendency toward 
a dendritic structure. These support the 
theory of a second population in the 
scatter of the welded specimen results. 

After this work was completed, other 
results (4) have been reported in this 
country on investigating Prot’s proce- 
dure. These investigations found that 
the Prot method gave results for ingot 
iron which compared favorably with the 
ordinary methods of fatigue testing, 
while results for 75S-T aluminum alloy 
did not compare favorably. 

Additional investigation, particularly 
involving larger number of specimens if 
scatter is to be considered statistically 
may modify these conclusions. The effect 
of varying the initial stress employed in 
the Prot procedure should be included 
in further investigation, although it is 


I 


believed that this feature is probably 
not of major influence provided the 
initial stress is well below the endurance 
limit. It is also desired to point out that 
investigations to check the applicability 
of the Prot procedure will necessarily 
involve more time and tests than would 
be involved in the use of the method 
after it has been confirmed and estab- 
lished for certain materials. For example, 
if there is confidence that the procedure 
is applicable for a given material and 
condition and if the slope of the failure 
stress - square root of loading rate line, 
with scatter band, has been established 
tests could conceivably be made at only 
one loading rate to predict the endurance 
limit. This would be especially advan- 
tageous in saving time and effort in 
certain cases where it is desired to run 
fatigue tests for control purposes. 


(1) E. Marcel Prot, “Fatigue Testing Under 
Progressive Loading, A New Technique for 
Testing Materials,” Revue de Metallurgie, 

Vol. XLV, No. 12 (1948). (Translated in 
WADC TR 52-148 by E. J. Ward, Sept., 
1952.) 

(2) T. T. Oberg and J. B. Johnson, “Fatigue 
Properties of Metals Used in Aircraft Con- 
struction at 3450 and 10,600 cycles,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 37, 


_ Part II, p. 195 (1937). 
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CONCLUSIONS 


Based on the limited results of this 
investigation, a good estimate of the 
endurance limit and the scatter about 
the endurance limit for SAE 4340 steel 
was obtained by utilizing Prot’s pro- 
cedure. Prot’s procedure gave a fair 
estimate of the endurance limit, but not 
of the scatter about the endurance limit, 
for welded SAE 4340 steel. This is be- 
lieved to be a result of defective welds 
forming a second population, as illus- 
trated in Fig. 2, by the four values 
falling outside the confidence limits. 
Perhaps if a very large number of speci- 
mens were tested, the second population 
could be defined well enough to permit 
an accurate estimate of the scatter. The 
results would appear to justify recom- 
mending further investigation of Prot’s 
method. 
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Mr. T. J. Dotan. 1_We have been 
making an extensive study of the Prot 
method in the Mechanics’ Department 
at Illinois; it might be of interest to 
discuss some of the concepts we have 
on the adequacy and utility of the 
method. 

Fundamentally it is an_ efficient 
method in that every specimen tested 
is averaged or weighted in determining 
the final endurance limit. When employ- 
ing a conventional S-N curve, the en- 
durance limit is determined primarily 
by the few specimens that are tested 
at the lowest stress levels; in the Prot 
procedure every specimen is included 
in the statistical summary made to 
determine the most probable endurance 
limit. 

Prot in his original thinking proposed 
the method as a rapid method that would 
allow determination of the fatigue limit 
with a limited number of specimens and 
with very short lifetimes of testing. For 
example, determination of the fatigue 
strength of non-ferrous metals for 500 
million cycles of stress is time consuming; 
Prot suggested that his method would 
only require the testing of specimens at 
relatively short lifetimes and still predict 
about the same endurance limit. 

There is nothing sacred about the 
conventional S-N curve. Possibly if 
Prot had suggested his method and it 
had been generally adopted before the 
conventional S-N curve was proposed, 
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DISCUSSION 


we might all be wondering whether the 
S-N curve was adequate to express the 
fatigue resistance of a metal. 

I should like to inquire as to the exact 
method of analysis of the final data in 
the authors’ paper. For example, at 
each value of loading rate the authors 
tested a number of specimens; what 
method was used to determine the con- 
fidence limits at this loading rate and to 
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Fic. 3.—Appraisal of Prot Method for 75S-T 
Aluminum Alloy. 


extrapolate to the ordinate at zero load- 
ing rate? 

In order to make the Prot procedure 
applicable to small groups of samples, 
it would be desirable to be able to test 
(let us say) only one specimen at each 
of four or five loading rates, and then 
analyze the data to determine the most 
probable endurance limit. This would 
require a different analysis in the statis- 
tical approach which we are trying at 
the present time. If the fracture stress is 
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plotted versus the loading rate a with 
an exponent of one half as in the authors’ 
paper, one finds that for some metals 
the data do not fall along a straight 
line. However, by using the proper ex- 
ponent #, a straight line can be obtained. 
For example, in the accompanying 
Fig. 3 for an aluminum alloy, a pro- 
nounced curve is obtained for n = 3, 
and the data cannot be readily extrapo- 
lated back to a = 0. Withn = 0.1786, 
the same data group along a straight 
line that can be extrapolated back to 
determine the Prot endurance limit. 
Mathematically one can analyze the 
data to determine the optimum value 
of ” to which to plot the data, and then 
determine the best straight line by the 
principle of squares. We are studying 
these procedures with methods for 
evaluating the relative standard devia- 
tions of the data and how the deviations 
may be affected by extrapolation. 

For example, if the least value of 
loading rate @ is large, the value for 
endurance limit includes the uncer- 
tainties of a large extrapolation. The 
question arises as to whether the stand- 


ard deviation at the origin (that is, for 


a = 0) is the same as for the group of 
experimental data at any selected value 
of a. There is no fundamental reason to 
suspect that the standard deviation at 
each loading rate should be the same. 
By combining these factors mathe- 
matically we hope to be able to predict 
from the data the most probable en- 
durance limit and its standard deviation. 

The question of coaxing always comes 
up with tests of this nature, and as 
part of our experimental program, we 
are testing low- and high-carbon steels 
and aluminum alloys. It appears that 
the values we are obtaining for predicted 
endurance limit for low-carbon steels are 
only slightly larger than those deter- 


mined by the ordinary method. Perhaps - 


the process of extrapolation tends to 


bring the final value back to about the 
same endurance limit for those low- 
carbon steels which normally coax quite 
a bit as that obtained by the conven- 
tional method of employing S-N curves. 

The Prot method will determine an 
endurance limit for non-ferrous metals 
which do not have definite endurance 
limits; however, this value might be 
visualized as a sort of lower asymptote 
to the S-N curve for those metals which 
do not have a sharp, abrupt break in 
the curve. 

The Prot test should be useful as a 
convenient manufacturing check on 
processing operations where a change in 
manufacturing processing might affect 
the endurance limit. By testing a few 
specimens under this procedure one 
could rather quickly obtain a relative 
index of whether the endurance limit 
were adversely affected or improved. 

Mr. B. J. Lazan.2—I should like to 
amplify somewhat Mr. Dolan’s com- 
ments regarding the variability of Prot 
exponent . We have been doing some 
progressive load increase work on alumi- 
num and like Mr. Dolan find that an 
exponent of approximately 0.18 fits 
the test data much better than 0.5. 
Similarly for the case of mild steel an 
exponent » different from 0.5 produces 
the line of greatest straightness. The 
choice of exponent in both cases greatly 
affected the extrapolation process and 
the resultant value determined for the 
fatigue limit. 

A second point that should be am- 
plified in connection with progressive 
load increase testing is the effect of 
understressing or coaxing. In recent 
tests by Sinclair® a stepwise load increase 
method was used on materials which 
are strain ageable and others which are 


? Professor of Materials Engineering, Univresity of 7 
Minnesota, Minneapolis, Minn 

. Sinclair, ‘An Investigation of the 
Effect in Fatigue of Metals,” Proceedings, Am. Soc. Test- 
ing Mats., Vol. 52, p. 743 (1952). 
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not. Although Sinclair did not include 
- Prot method consideration in his work, s 
his data are replotted in the accompany- si 
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according to Sinclair. However, materials 


uch as 2340 and 1045 steel, which are 
usceptible to strain aging, display such 
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Fic. 4.—Failure Stress versus Square Root of Lo 
Increase. 


ing Fig. 4 to show failure stress versus 
average loading rate during the step 
load increase. This figure indicates an 
agreement with Prot’s assumption for 
75S-T6 aluminum alloy and 70-30 brass 
which are not suceptible to strain aging 


g, psi per cycle 
ading Rate of Various Materials. Stepwise Load 


large coaxing effect as to cause a reverse 
slope to the Prot curve; thus the Prot 
method is misleading. 

In conclusion, this progressive load 
increase method should be used with 
caution. Even though this method does 
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seem to be reliable for certain classes of 
material and may be a good comparative 
test for industrial inspection, neverthe- 
less in applying it to new materials it 
should be first carefully checked against 
the constant load fatigue method. 

Mr. Pavut Kuun.‘—The authors 
mentioned only very incidentally some- 
thing which has come up in other papers, 
namely, that weld defects add another 
population. I wonder if that is an ade- 
quate description of the status or whether 
we should not assume that weld defects 
add more nearly an infinity of popula- 
tions which makes the problem quite 
a bit more difficult. 

Mr. E. J. Warp (author).—In 
regard to Mr. Dolan’s comments, the 
question of the same standard deviation 
at the different rates is something that 
we wondered about, and the only thing 
that we could do was to check the three 
rates that we had used and the stat- 
isticians could find no significant differ- 
ence between the standard deviations 
or the amount of scatter at the three 
rates that we used. Whether this would 
always be true or not I could not say. 

There is one place that I would like to 
differ with Mr. Dolan, and that is the 
statement that some metals do not have 
endurance limits. I believe that from 
our experience and from what informa- 
tion we have been able to get from other 
people that all metals do have endurance 
limits. Now it is very true that some of 
them may continue to drop far beyond 
the 10 million cycles we usually use for 
steel, but the first information that we 
obtained in our own laboratory on that 
was several years ago. Three specimens 
of Alloy 75 ST were run out to 7, 8, and 
9 billion cycles without any failure. They 


4 Assistant Chief, Structures Research Division, 
NACA, Langley Field, Va. 
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were set at stresses just slightly below 
the endurance limit and after they had 
run out to that many cycles the stress 
was raised, they were retested at several 
thousand Ib per sq in. above the en- 
durance limit, and they fell to the high 
side of our S-N curve. Therefore I feel 
that until we get information to the 
contrary we cannot make the statement 
that metals do not have endurance lim- 
its. It is possible that the S-N curve 
theoretically continues to drop, but if 
so, it is believed that it is asymptotic 
to some value which would be the en- 
durance limit. In other words it does 
not eventually drop to zero. 

In regard to Mr. Kuhn’s statement— 
I agree wholeheartedly that it is entirely 
possible that defective welds may pro- 
duce an infinite number of populations— 
I certainly could not investigate that 
question. I think that would be a little 
too large a project’ to undertake. 

I think Mr. Lazan’s caution on the use 
of the Prot method is well taken, that 
we do find materials already which do 
not seem to give the accurate endurance 
limits but I think it can be used if 
used with caution. 

The way we got into the Prot method 
is that our Propeller Laboratory at 
Wright Air Development Center was 
very interested in getting into the ques- 
tion of quality control of the fatigue 
limits of steel used in propeller blades, 
and the Prot method in this case would 
be a very good control if the initial work 
can be done to set up the slope of your 
line and predict the endurance limit. 
After that you need only test at one 
rate from then on. For each new lot of 
steel which you obtained you could 
run a number of specimens at an ac- 
celerated rate and check it against the 
line through the mean stresses. 


A RANDOM FATIGUE TESTING PROCEDURE AND MACHINE* 


A procedure is outlined for rotating-beam fatigue tests under a random se-_ 
quence of load impulses derived from an assumed frequency distribution func- 
tion of the expected loads, and a fatigue testing machine designed and built for 
the purpose of realizing such a testing procedure is described. 


From an assumed exponential distribution function of the loads, which 
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SYNOPSIS 


known to represent fairly well maneuver and gust loads of airplanes in opera- 
tion, four random sequences of load impulses, differing by the specified fre- 
quency of the highest load level, have been constructed. Twelve small speci- 
mens of 75S-T aluminum have been tested under each of these load sequences 
the test results plotted on extreme value probability paper, and the cycle ratios, 
mean stresses, and equivalent constant stresses computed. 

The test results indicate that the sum of the cycle ratios does not provide 
a means of even roughly estimating the cumulative damage under a varying 
level of repeated stress; only systematic tests under random sequences of load 
impulses derived from known distribution may provide the approach to a ra- 
tional and effective study of the problem of cumulative damage in fatigue, and 
thus lead to the development of a criterion for such damage that could be used 


in design. 


FATIGUE TESTING UNDER VARYING LOAD 
AMPLITUDES 


In conventional procedures of fatigue 
testing, the purpose of which is not to 
find the endurance limit but to determine 
the life as a function of certain testing 
conditions, a sequence of such conditions, 
defined either in terms of mean stress and 
stress amplitude or in terms of a stress 
range, is applied repeatedly and the num- 
ber of repetitions or cycles to failure 
recorded as a function of the two charac- 
teristic stress levels. For full stress re- 
versal (zero mean stress) one stress level 
alone specifies the testing condition; for 


* Presented at the ly. sixth Annual Meeting of the 
Society, June 28-July 3, 
1 Professor of Civil ‘i Columbia University, 
New York, N. Y. 
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tests under combined stress it is a certain 
invariant combination of the six com- 
ponents of the stress tensor, such as the 
octahedral stress or the stress intensity 
(1)? that fully describes this condition. 
Since the performance in service of struc- 
tural and machine parts under the dy- 
namic conditions of repeated loading or 
vibratory stress is usually associated with 
stress cycles of rapidly varying amplitude 
and more or less random sequence, the 
correlation between the results of con- 
ventional fatigue tests and the actual 
fatigue resistance in service is rather 
vague, even if the problems of the sta- 
tistical reproduction of results and of the 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 909. 


896 


| 
| 
| 


FREUDENTHAL ON FATIGUE TESTING PROCEDURE AND MACHINE 897 


effects of size and of shape of the speci- 
men on its fatigue performance (which 
make such correlation still more vague) 
are not considered. 

Numerous attempts have been made 
to provide more meaningful results of 
fatigue tests either by running tests at a 
periodically repeated short sequence of 
stress cycles of varying amplitude (2, 3, 4, 
5), or bya priori establishing so-called laws 
of cumulative damage according to which 
the damaging effects of stress cycles of 
different amplitudes can be superimposed 
and the fatigue life under given load se- 
quences predicted from the results of 
conventional tests (6,7, 8). Both ap- 
proaches have so far failed to provide a 
rational procedure for the interpretation 
of the results of fatigue tests. 

In the first the fatigue life depends sig- 
nificantly on the character of an ar- 
bitrarily selected, frequently repeated, 
short-load sequence—for instance, on the 
specific shape of the periodic change of 
the load amplitude and the length of the 
period (5) as well as on the fact whether 
the first load sequence starts with the 
peak load or with the minimum load (2); 
the meaning of the test results is, there- 
fore, limited to the particular load 
sequence, which usually has no recog- 
nizable relation to the load sequences 
expected in service. In the second ap- 
proach the simple relations between rate 
of damage and number of load cycles on 
which these “‘laws” are based (constant 
relation in Miner’s cumulative damage 
concepts (6), exponential relation in 
Shanley’s concept (8)) do not represent 
sufficiently close approximations of the 
real, rather complex, and probably not 
monotonic progress of damage (9). 

Though Shanley’s concept appears to 
be more realistic than the linear “law,” 
its practical application is much more 
difficult, since the momentary damage 
rate at any stress level necessarily de- 
pends on the integral over the history of 


all preceding damage processes; the sim- 
ple algebraic summation of damage ef- 
fects on the various levels, which is the 
principal attractive feature of the linear 
law, is thus lost. 

Recent investigations of fatigue life 
under specific conditions of overstress or 
understress (2, 3), as well as under peri- 
odic triangular (4), sinusoidal, or ex- 
ponential (5) load sequences have neither 
provided test results that would be more 
generally interpretable and more mean- 
ingful in terms of service performance 
than are the results of conventional 
fatigue tests at constant load amplitudes, 
nor (as could have been expected a priori) 
have they been able to justify the rather 
widely used law of linear cumulative 
damage based on a constant damage rate 
characteristic of each stress level. It ap- 
pears that the results of fatigue tests per- 
formed with load cycles of amplitudes 
varying according to a definite, usually 
periodic, program are as difficult to in- 
terpret in terms of performance under 
actual service conditions, and are as 
vaguely correlated with such perform- 
ance, as are the conventional constant 
load amplitude fatigue tests. Since the 
progress of damage under the applied 
load program is a definite function of the 
particular program, it is as different from 
that of any other, sufficiently dissimilar 
program as it is from the progress of dam- 
age under a constant load amplitude. 

A radically new approach to the pro- 
graming of variable amplitude fatigue 
tests is therefore required if such tests 
are to provide sufficiently general and 
meaningful information concerning the 
fatigue performance of metals under ac- 
tual service conditions; fatigue testing 
equipment must be designed in which 
such load programing can be easily and 
reliably realized. Such an approach is 
outlined and an experimental fatigue 
tésting machine described that has been 
constructed in order to apply loading 
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programs that can be made as representa- 
tive of rationally specified service condi- 
tions as can reasonably be required. 
Some preliminary results obtained on this 
machine are discussed. 
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tablished indicating the relation between 
the load factor and its number of occur- 
rence or its relative frequency. The 
analysis of these data has led to the con- 
clusion that the relative frequency dis- 


a; 
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Fic. 1.—Exponential Distribution of Load Frequency. 


STATISTICAL VARIATION OF 
SERVICE LOADING 


Of the numerous types of engineering 
structures and machine parts the operat- 
ing conditions of which make their fa- 
tigue performance significant, only air- 
craft structures have been subjected to 
systematic observations on the basis of 
which a rational estimate of the flight 
loads and of their frequency has become 
possible (10). 

In a number of flight load investiga- 
tions concerned with the statistical dis- 
tribution of both gust loads and maneu- 
ver loads for various types of aircraft, 
relevant “load spectra” have been es- 


tributions f(S) of both gust loads and 
maneuver loads in flight can, in first ap- 
proximation, be represented by an ex- 
ponential distribution (10): 


KS) = (1) 


where ¢ and S, denote the parameters of 
the distribution which are to be deter- 
mined from the observations by a curve- 
fitting procedure, such as the classical 
method of least squares or the direct 
fitting by inspection of a straight line 
to the observation points plotted on 
semilogarithmic probability paper. S, 
represents the lower limit of the loads, 
while ¢ measures the decrease of the 
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frequency of the loads with the increase 
of their amplitudes. The exponential 
distribution which fits the maneuver 
loads better than the gust loads expresses 
the fact that the specific decrease of the 
load frequency f(S) and therefore of its 
probability of occurrence p(S) is propor- 
tional to the increase of the load ampli- 
tude, or 

aps) aS) 

f(S) 


The probability of a load amplitude 


>, 04 
gos 
Ol 
2 
e S- So Sk Load Level 
Fic. 2.—Extreme Value Distribution of Load 
Frequency. 


higher than S is therefore 


P(S) = [ p(S) dS = 
8 


(3) 
dS = ¢~¢(8-So) 
8 


and the probability of a load amplitude 
between the limits S,_; and S; is equal 
to 


p(Sx-1.2) = P(Sen) — P (Se) = pe....(4) 


Equation 3 indicates that for a suffi- 
ciently large difference (S, — S,) the 
probability P(S,) may become negligi- 
bly small; the distribution p(S) which, 
theoretically, extends from S, to infinity, 
may therefore with sufficient accuracy be 
replaced by the finite portion of (5S) 
extending between S, and Sn. If the 
segment (S, — S,) is divided into n equal 
intervals the probability of occurrence 
of load amplitudes within the fth inter- 
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val is determined by Eq 4. Replacing the 
varying load amplitudes within the in- 
tervals between and by the 
mean amplitude of this interval S:_1,z, 
the continuous distribution function 
p(S) may be represented approximately 
by discrete probabilities of occurrence 
pe of the m load amplitudes Sk-1, 
(Fig. 1). 

If it is assumed that the statistical 
distribution of flight loads is fairly well 
described by Eq 1 so that their proba- 
bility of occurrence can be predicted by 
Eq 4 for given parameters c and Sq, it 
is easy to devise a load program that can 
be made as representative of the flight 
loads as may be desired, by constructing 
on the basis of the discrete probabilities 
pe a random time series of the load 
amplitudes Si_1,x. For this construc- 
tion either a numerical or an experimen- 
tal procedure may be used; if the number 
n of load amplitudes is relatively small, 
the experimental procedure is rapid and 
sufficiently accurate. 

A statistical population is made up of 
several hundred marbles of different 
colors representing the ” load ampli- 
tudes, so that the proportion of marbles 
of color k in this population is made 
equal to px. If marbles are now drawn 
at random and replaced and the sequence 
of colors is recorded, this record repre- 
sents a random time series of the » load 
amplitudes. A fatigue specimen subjected 
to such a time series of load amplitudes 
may be assumed to sustain a load pro- 
gram as representative of actual service 
conditions as the exponential distribu- 
tions of loads underlying it. 

Each population from which the time 
series is constructed is characterized by 
the parameters S, and c and by the scale 
factor of the load which determines the 
absolute value of the load intervals (Sx 
— Sx_1). Instead of specifying the coeffi- 
cient c, which has no direct experimental 
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interpretation, it is preferable to specify 
the probability », of the highest load 
amplitude S,-1,», from which the value 
of ¢ can easily be determined. In this 
manner a group of random time series 
of load amplitudes can be constructed 
that differ in the specified frequency of 
occurrence of the most severe load ampli- 
tude. Since various groups may also 
differ in the absolute value of the load 
interval, conditions of different severity 
covering different ranges of stress can be 
reproduced. 

It is evident that the random time 
series may be derived from any type of 
specified statistical population, not only 
from that based on the exponential 
frequency distribution Eq 1. This dis- 
tribution has been used only as a particu- 
larly simple illustration of the procedure. 
Some load investigations have indicated 
that a skew distribution function of 
service loads with a mode not at but 
above the lowest load level (13), such as 
the distribution function of extreme 
values (Fig. 2), provides a closer approxi- 
mation to certain operating conditions, 
particularly gust loads; such functions 
might therefore be used instead of the 
exponential distribution for the construc- 
tion of the population. 


Ranpom FATIGUE TESTING MACHINE 


In order to impose a random time 
series of load amplitudes, a high-speed 
rotating-beam fatigue testing machine 
for small specimens has been designed 
and constructed. Figure 3 shows the main 
features of this machine, which operates 
on the principle of a conventional vertical 
rotating-beam machine with the added 
feature that the force acting on the canti- 
lever specimen can be arbitrarily varied 
between zero and a maximum, so as to 
form a prescribed sequence of load and 
moment pulses of specified durations. 
The load sequence, after being con- 
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structed in the manner outlined, is 
recorded by punching a paper tape of 
such length that the effect of the peri- 
odicity of the load sequence, which is 
produced by the fact that the length of 
the recorded time series of load ampli- 
tudes and thus the length of the tape 
are necessarily finite, can be neglected. 
This requires a random sequence of at 
least several hundred, preferably a few 
thousand, load-impulses, and therefore 
a tape of considerable length. 

When this tape is run through a read- 
ing device consisting of a group of con- 
tact springs, a group of relays operated 
by the small contact currents close a 
certain combination of circuits and de- 
liver the prescribed sequence of current 
pulses through the windings of a verti- 
cally moving coi! situated in the gap of a 
very strong permanent magnet (J). 
Since the force developed by the moving 
coil is proportional to the applied current, 
the variation of the current is trans- 
formed into a sequence of vertical force 
impulses. Careful calibration of the ma- 
chine has shown that the current-force 
relation is practically linear over the 
operating: range. The force impulses 
generated by the moving coil act upon a 
spring-suspended, 90-deg lever (2) which 
avoids all friction and backlash and 
exerts a horizontal force through a self- 
adjusting ball bearing (5) with spherical 
outer race on an extension arm of the 
specimen (4) connected to it by a clamp- 
ing collet. Thus, the bending moment 
applied on the specimen (3) follows the 
force program punched on the tape. 

The intensity of each of the force 
pulses from the magnet can be varied by 
adjusting the current through the relays; 
the magnitude of the horizontal force 
exerted on the extension arm of the speci- 
men in relation to the force from the 
magnet can be varied over a range from 
1:1 to 4:1 by shifting the support of 
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the ball bearing along the lever arm, 
while the bending moment changes with 
the changing distance between the 
critical section of the specimen and the 
point of horizontal force application on 
its extension arm. Since the maximum 
operating force developed by the moving 
coil will not exceed 10 lb, while the 
distance between the critical section of 
the specimen and the point of force 
application may vary roughly between 
3.5 and 5.0 in., the bending moment at 
the critical section of the specimen might 
attain a maximum of 150 to 200 in.-lb, 
provided the deflection of the specimen 
under such a moment is compatible with 
the motion of the moving coil and lever. 

The different elements of the machine 
are mounted on a rigid steel column (6) 
with the aid of brackets (7) in such a 
way that their relative position can 
easily be changed. The permanent mag- 
net and the moving coil are placed in 
a brass container (§) and immersed in 
oil; thus, the heat developed in the coil 
is carried away and dissipated by the big 
surface of the oil container. This permits 
the use of relatively high currents and 
the application of the maximum vertical 
force of roughly 10 lb to the 90-deg 
lever. The specimen is gripped by two 
collets, one connected to the driving 
shaft (9), the other one to the center 
extension arm (4) which engages the 
spherical ball bearing referred to above. 
A contact spring, mounted on an insu- 
lating block near the main bearings of 
the drive shaft, is in steady contact with 
the shaft that is otherwise insulated from 
the rest of the machine, except the lever. 
During the test, a low current is run 
through the contact spring, the specimen, 
the lower collet, the spherical ball bear- 
ing and lever, and energizes a relay which 
controls the current of the driving motor. 
When the specimen breaks, this current 
is cut and the machine stops. 

The main shaft is driven from a small 


vip + 


motor (/2) through a V-belt (13) and 
the speed is controlled by a Variac-trans- 
former (14). A mechanical counter (10) 
driven from the main shaft by a worm 
gear (11) indicates the number of revolu- 
tions of the specimen. 

The reading device for the punched 
tape has been designed for n = 6 force 


Fic. 4.—Random Fatigue Testing Machine 
FRFM-1. 


levels Sx_1,% according to six lines on 
the tape along which holes are punched 
representing the random impulses on any 
of the six force levels. The tape can 
accommodate about 1000 punched holes 
and moves over a system of brass rollers, 
driven by a small motor. 

As the punched holes pass the contact 
roller and springs, the relays on the 
various levels are operated, delivering 
the punched sequence of current pulses 
to the moving coil. 

The traveling speed of the tape and 
the speed of rotation of the specimen can 


4 
a 


be adjusted within rather wide limits, 
so that the number of load cycles of 
constant amplitude applied during the 
passage of one punched hole under the 
contact spring, that is for each point of 
the prescribed load sequence, can be 
varied between 3 and 50. A slight over- 
lapping of the punched holes prevents 
the load from going back to zero when 
changing from one level to another. 
During the short overlapping time, how- 


ever, two relays are open; it has been 
found that during this time, which is a 
few per cent of the total impulse time, 
the actual force level is somewhere be- 
tween the two levels, the actual position 
depending on the absolute value of their 
difference. Therefore, the change from 
one force level to another is not a perfect 
vertical jump, but a short and very steep 
transition. 

Figure 4 is a photograph of the fatigue 
machine itself, which can be easily com- 
pared with the drawing in Fig. 3, in 
which the individual parts have been 
numbered. Figure 5 shows a photograph 
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Fic. 5.—Fatigue Testing Machine with Punched-Tape Device. 


‘load amplitudes, with the logarithmic 


of the whole experimental apparatus in- 
cluding the tape-reading device with the 
punched tape and (on the left) the punch- 
ing machine and the statistical popula- 
tion of loads made up of solid colored 
marbles. 


FaticuEe Tests on 75S-T 
Atuminum ALLoy 


Probably even more than in conven- 
tional fatigue tests, the scatter of the 


test results must be considered as a 
feature of primary significance in random 
fatigue tests. Hence each test condition, 
specified by a random time series of load 
amplitudes, derived from a probability 
function of the load amplitudes, must 
be repeated frequently enough to permit 
a valid statistical interpretation of the 
results. For conventional fatigue tests 
the statistical distribution of extreme 
values has been suggested as the best 
approximation of the distribution of — 
fatigue life to fracture under constant 


distribution as a close” 


7 
— 


(14, 15, 16); a suitable probability paper 
has been developed on which fatigue test 
results can be plotted and, for non-fer- 
rous metals, be fitted by a straight line 

- (16). Nothing, however, is known con- 
cerning the distribution function of the 

Bogen of random fatigue tests. In fact, 
it cannot even be assumed a priori that 

the distribution function of fatigue life 

under a random sequence of load ampli- 
tudes will have a sufficiently pronounced 
mode and a sufficiently narrow dispersion 
to make its statistical analysis of practi- 

cal significance. It appears, therefore, 


0.1875 (Me") 


"— 


that at least 25 repetitions of each test 
condition may be necessary to obtain 
results that can be plotted for compari- 
- son on various probability papers, with 
the purpose of finding the type of distri- 
‘bution function that is most likely to be 
associated with the results of random 
fatigue testing procedures. 

Since a rational interpretation of such 
results necessarily involves comparison 
between the results of random fatigue 
_ tests and results of conventional, con- 
stant-amplitude fatigue tests, the first 
random tests should be performed on a 
_ material for which statistically satisfac- 
_ tory data of conventional tests, obtained 
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on similar and similarily polished speci- 
mens, are available, unless a large number 
of conventional tests were to be per- 
formed first to provide such data. The 
only structural metal for which adequate 
data have been published and statisti- 
cally analyzed (16, 17) is 75S-T aluminum 
alloy. It was therefore decided to perform 
the pilot random fatigue tests on this 
alloy. 

Rotating-beam fatigue specimens were 
machined to the dimensions shown in 
Fig. 6 and mechanically polished using 
successively finer grades of emery paper. 
The final polish was given with a 00 grade 

TABLE Il—MANEUVER LOAD SPECTRUM FO 


FLIGHT TIME OF 100 HR OF MES: SERSCHMIDT 
one Me-109 DURING TACTICAL OPERA- 


Number of [Relative Load 
Fic. 6.—Rotating-Beam Specimen. Load Factor ycles Frequency 
TABLE FREQUENCIES OF 3200 0.427 
CURRENCE OF SIX D LOAD LEVELS IN - ERSTE: 1800 0.240 
EXPONENTIAL DISTRIBUTIONS DEFINED BY fs. 1100 0.147 
Distri- | Distri- | Distri- | Distri- 
bution | bution | bution | bution 
Level quen: 120 0.016 
A c D _ 68 0.009 
So, 1 fi= | 0.56 | 0.43 | 0.36 | 0.25 Total number of cycles 
= 0.25 0.25 0.24 0.21 
= | 0.11 | 0.15 | 0.16 | 0.17 ad 
n= 0.05 0.09 0.11 0.15 
0.02 0.05 0.08 0.12 
| 0.01 | 0.03 | 0.05 | 0.10 


of emery and rouge and was done in 
such a way as to leave the scratches 
parallel to the axis of the specimen. 
Several exponential populations, made 
up of six load levels, were computed on 
the basis of assumed relative frequencies 
ps of the highest load level of 1, 3, 5, and 
10 per cent. Table I shows the relative 
frequency distribution of the six load 
levels for the four assumed values of fe . 
It is interesting to compare the com- 
puted distributions with a maneuver- 
load spectrum for load factors An 2 1.4 
derived from observations by Kaul (10) 
as modified by Wallgren (4) and repro- 
duced in Table II. Considering the fre- 
quencies of load factors An > 5.4 as 
negligibly small, the frequencies of the 


six load factors 1.4 < An < 5.4showa 
very close agreement with the computed 
frequencies of the distribution B in 
Table I. 

From each of the distributions pre- 
sented in Table I a random time series 
was constructed and punched on a tape. ' 
In order to reduce the effect of the over- 


Distribution B 
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tistical evaluation of existing test results 
(16, 17) is presented in Fig. 8. The lowest 
load level So, was chosen so as to produce 
a moment causing a nominal maximum 
fiber stress in the critical section of the 
specimen of +31,500 psi at which the 
expected (mean) life under constant 
stress level of specimens of the same size 


0.03 


Pulse Number 


Pg 0. 


6 
5 
4 
3 
2 


ill 


Pulse Number 
Fic. 7.—Part of Time Series of Force Impulses B and C. 


lapping of the punched holes, a double 
hole was considered as a load unit, so 
that only about 500 terms of the time 
series could be punched on the tape 
length for which the roller system had 
been adjusted. At the test speed of 3600 
rpm the number of constant stress cycles 
per load unit is roughly 10. Figure 7 
shows characteristic parts of the time 
series B and C. 

The S-N diagram for small cantilever 
specimens of 75S-T as obtained by sta- 


has been found to be of the order of — 
magnitude of 5 X 10® cycles. The highest 
load level Ss, 6 was selected so as to pro-— 
duce a moment causing a nominal maxi-— 
mum fiber stress of +59,000 psi at which - 
the expected (mean) life under constant 
stress level has been found to be betw een 
10* and 10° cycles. The selected range of 
load levels thus completely covers the 
most significant portion of the S-N | 
diagram. The uniform partition of che 
load interval produces a nominal stress- _ 
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interval between the load levels of 
— Se, aa] = 5500 psi. 

The nominal moments, stresses, and 
expected (mean) life under constant 
stress at the six load levels are given in 
Table III. 
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reduced for the very small specimens 
used in this investigation. 


Test RESULTS AND DISCUSSION 


The preliminary results of the random 
fatigue tests are presented in ascending 


Log N 
3 4 7 
59,00¢ Stress Level of Univ. 
of Illinois-ONR- Tests 
' 55,000 \ \ 4Meon of 3 Tests 
53,500 N Stress Level 5 
& | 50,009 | \ N 4 | 
145,000 

35,000 INIT [Stress vevei 2 
§ 

104 105 106 10? 108 


la, 
The variation of the bending moment 
due to inaccuracy in the setting and 
operation of the resistances controlling 
the current and due to current fluctua- 
tion does not exceed +1 per cent; the 
tolerance of the stress about its nominal 
value due to both moment variation and 
slight inaccuracies in the dimensions of 
the small specimens (0.187 < d < 0.188) 
does not exceed +1.5 per cent. Consider- 
ing that the selected stress interval is of 
the order of magnitude of 9 to 18 per cent 
of the applied stress levels, these toler- 
ances seem reasonable, and can hardly be 


; | Fic. 8.—S-N-P Diagram for Small 75S-T Rotating-Beam Specimen. 


TABLE OF APPLIED 


AD LEVELS. 
Moment, | Nominal 
Load Level — Stress, psi Expected Life 

20.25 +31 500 5 106 
23.85 +37 000 9 X 105 
27.45 +42 500 X 105 
ae 31.05 +48 000 1.2 X 105 
34.65 +53 500 7 X 10 
38.25 +59 000 5 X 10¢ 


order in Table IV. Only 12 tests have ° 
been performed for each of the four time 
series derived from the exponential dis- 
tributions A, B, C, and D. The results 
have been plotted as survivorship dia- 


hey 
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TABLE IV.—NUMBER OF CYCLES, N, TO 
FRACTURE, IN THOUSANDS. 


Distri- 


increased damage at the load levels 4, 5, 
and 6 of the time series D due to the 


Bit; | Bi higher values of px is compensated by 
A B Cc decreased damage at the load levels 1, 2, 
and 3. 
304 Another unexpected feature of the 
4-7 plotted survivorship functions is their 
85.8 — somewhat reduced scatter in comparison 
100.0 to the results obtained from constant 
122.8 stress fatigue tests. While the scatter of 
1. those tests, as indicated by the slope of 
150.9 the extrapolated survivorship functions, 
~%3.0 ranges over 1 to 2 orders of magnitude 
® Estimated from Fig. 9. between P = 0.01 and P = 0.99 at the 
0.980 
0950 
8 A 
$0.90 
\ 
050 
040 
030 
0.20 
Mean Life A 
4 6 8 105 2 4 6 8 106 


Number of Cycles, N 


Fic. 9.—Survivorship Functions for Fatigue Tests Under Random Load Series A, B, C, and D © 


grams on extreme value probability 
paper (Fig. 9) with the individual plot- 
n+1’ 
is the consecutive number of tests in one 
series (13, 14). The mean life WV has been 
estimated from continuous survivorship 
functions fitted to the plotted diagrams 
by visual inspection. 

The practical coincidence of the sur- 
vivorship functions C and D is somewhat 
unexpected, and cannot be explained on 
the basis of our present simplified con- 
cepts of cumulative damage. A likely 
explanation would be to assume that the 


ting positions Fm = 1 — where m 


constant stress levels of 30,000 to 45,000 
psi (16), the scatter of the random fatigue 
test results extrapolated to the same 
probability limits appears narrower than 
one order of magnitude. Thus, in spite 
of the variable stress levels, the scatter 
is reduced. Whether this reduction is due 
to the influence of the high stress levels 
at which the constant stress scatter is, in 
general, significantly reduced because of 
the effect of the plastic deformation, or 
whether it represents a more or less 
statistical effect of the superposition of 
the distributions at the different load 
levels, similar to the operation of the 
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central limit theorem in statistics, cannot constant does not represent an ade- 
be decided at present. quate general superposition law of 

The cycle ratios 2nz/N: of the linear fatigue damage under varying stress 
theory of cumulative damage for the levels, no matter what value of the 
four load distributions are easily de- constant is selected; the constant itself 
N+ pe appears to be a function of the load 
Ni 


termined by computing 2 spectrum applied. Moreover, the weight 


or, with 


N =N, the mean cycle ratio in the sum of the individual terms 


The equivalent mean constant stress, should not be equal, but depend on the 
Sc, for each distribution can be de- stress level; the linear law apparently 
termined by ascertaining from the S-N underestimates the damage produced at 
diagram (Fig. 8) the stress levels asso- the lower stress levels. 
ciated with the mean life values N for Considering the coincidence of the 
the various distributions. survivorship functions C and D as an 

The mean stress, 5, of each distribu- indication of this effect, a quick compari- 
tion is obtained as the sum 2(pe-Si-1,%). son vf the cycle ratios at the high and 

In Table V the above characteristics the low stress levels suggests that under 


TABLE V.—CHARACTERISTICS OF TEST RESULTS. 


Distribution A Distribution B Distribution C Distribution D 
1.68 X 2.93 X 1078 3.93 X 1076 5.82 X 10-6 
N- /Ne) 1.25 0.51 0.37 0.54 
oS eer 38 000 46 000 50 000 50 300 
Be FRc ccccccescesccovcccccccoes 35 500 37 900 39 400 42 400 


are presented for the four distributions the particular test conditions the cycle 
A, B, C, and D. Comparing the trend of ratios at the low stress levels would have 
the “mean cycle ratios” of Table V with to be introduced with a weight we of 
the diagrams in Fig. 9 and with the roughly 5 to 15 times the weight w: of 
equivalent mean constant stress values, the cycle ratios at the high stress levels, 


4 ” 
So, representing the ‘mean life” On i+ the identity of the sum Mf 2 (=e) 


these diagrams, as well as with the “mean Ni: 
stress” values 5, the lack of correlation were to be regarded as an indication of 
is rather obvious. Thus, for instance, a the similarity of total damage. 
constant-stress-level fatigue test at So 

= 46,000 psi would produce a survivor- CONCLUSIONS 

ship function roughly equivalent to The comparatively few preliminary 
curve B in Fig. 9. This value of Sc is, results of random fatigue tests illustrate 
however, unrelated to 5S of the load the use of this type of test as a means of 
distribution B. Since the effects of over- studying the accumulation of fatigue 
stressing and understressing are elimi- damage under the variable load levels 
nated or compensated by the application encountered in service. The currently 
of a random load sequence witha random used simple “sum of cycle ratios” does 
starting load in each test, it may be con- not provide a measure of cumulative 
cluded that the linear law of cumulative damage. It is only through systemati- 


pi -) = cally planned random fatigue tests based 
N 
damage as expressed by 2( 2 on general load-distribution functions 
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derived from observations of the impor- 
tant types of loads, that a ratidnal con- 
cept of cumulative damage in fatigue 
may finally emerge. 
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Mr. W. H. Hoppmann, I un- 
derstood the author correctly he said 
only the Air Force was measuring in 
service these strains and stresses. I 
should like to say that in the U.S. Navy 
about twenty years ago tests were made 
on the U.S.S. Salinas in the Pacific with 
the intention of getting a time-strain 
record for the ships in order to proceed 
realistically toward design procedure. 
Further, I should like to mention that 
Mr. Raymond T. McGoldrick of the 
David Taylor Basin during World War 
II devised equipment for counting the 
strains in certain ranges, that is, brack- 
eted in certain ranges, so that they could 
relate to design procedure what actually 
happens on the vessel in operation. 

I say this to emphasize the importance 
of the point Mr. Freudenthal is making, 
namely, that one should try to relate re- 
alistically the actual operating condi- 
tions with the fatigue characteristics and 
requirements. 

Mr. A. M. FREUDENTHAL (author).— 
In reply to Mr. Hoppmann I should like 
to say that relatively extensive and 


1 Associate Professor of Mechanical Engineering, The 
Johns Hopkins University, Baltimore, Md 


statistically interpretable service-load 
records have, to my knowledge, only 
been published with respect to aircraft. 
It is interesting to learn that the U.S. 
Navy has also collected such data, and it 
would be very desirable that a statistical 
analysis of these data should be made, to 
establish the character of the distribu- 
tions. I believe that a serious effort to put 
fatigue testing on a rational basis, by 
making the testing conditions representa- 
tive of the expected loading conditions, is 
urgently required if the very large and 
growing volume of fatigue data is ever to 
be converted into useful engineering in- 
formation. This can, however, not be 
done unless the types of random varia- 
tion of the service conditions, characteris- 
tic of various types of engineering struc- 
tures, are sufficiently well known to 
permit the establishment of representa- 
tive random time-series of fatigue load- 
ings. 

Therefore, in the interest of establish- 
ing more effective and useful fatigue test- 
ing procedures, considerable weight 
should be placed on the collection and 
rational evaluation of service load rec- 
ords for all types of structures. a 
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By Joun T. Ricwarps! 


SYNOPSIS 


THE CORROSION OF BERYLLIUM COPPER STRIP IN SEA WATER 
AND MARINE ATMOSPHERES* 


Results are reported for corrosion tests on beryllium copper and beryllium- 
cobalt-copper conducted over the past two years at Harbor Island and Kure 
Beach, N. C. As a means of evaluation, strip specimens were exposed to quiet 
and flowing sea water, rotation through the water at high velocity, jet impinge- 
ment, and galvanic action. Specimens were also submitted to marine atmos- 
phere at 80 and 800 ft from the sea. 

In addition, the effects of time, velocity, temper, heat treatment, and edge 
condition were investigated. Comparison materials included phosphorus- 
deoxidized copper, arsenical admiralty, iron-modified 70-30 cupro-nickel, and 
phosphor bronze (Grade A). Results are expressed in terms of weight loss and 
decrease in strength and elongation. : 


The selection of beryllium copper by 
designers is frequently dependent upon 
its ability to resist corrosion. Although 
some information on the corrosion re- 
sistance of beryllium copper has been 
accumulated over the past 25 years (1),? 
available results are based upon different 
test conditions with alloys of widely 
varying compositions. 

Accordingly, an extensive test program 
has been initiated to provide a better 
evaluation of the corrosion resistance of 
commercial beryllium copper alloys. It is 
the purpose of this paper to cover cor- 
rosion by sea water and marine atmos- 
pheres. 

Results are presented for complete and 
partial immersion in sea water, velocity 
effects as measured by the rotating- 

* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Chief Engineer, Penn Precision Products, Inc., 
Reading, Pa; formerly, with The Beryllium Corp., 
Reading, Pa 


2 The boldface numbers in arentheses refer to the 
list of references appended to this paper, see p. 927. 
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spindle and Engineering Experiment 
Station (EES) methods, jet impingement, 
galvanic corrosion, and exposure to 
marine atmospheres. Through the cour- 
tesy of The International Nickel Co., 
Inc., sea water tests were conducted at 
Harbor Island, N. C., and atmospheric 
studies at Kure Beach, N. C. 
MATERIALS 
Beryllium copper and _beryllium- 
cobalt-copper strip were tested in various 
heat-treatable and heat-treated condi- 
tions. Comparison materials, including 
phosphorus-deoxidized copper, phosphor 
bronze (Grade A), arsenical admiralty, 
and iron-modified 70-30 cupro-nickel, 
were furnished by The American Brass 
Co. Table I lists the composition, con- 
dition, and engineering properties of test 
materials. 
Although strip 0.050 in. thick was em- 
ployed for most tests, other sizes were 
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required for several phases of the investi- 
gation. Where necessary to use more than 
one lot of material due to thickness or 
retest requirements, a composition range 
is shown in the table. Property data 
represent average values for the several 
lots. 


Test METHODS AND RESULTS 


The test period extended from October, 
1950, to October, 1952. Although weather 
records for this period and location 
are not available, an indication can be 
obtained from the 1952 summary for 
nearby Wilmington, N. C., which follows: 


Average daily maximum........... 74.2 F 
Average daily minimum........... 54.3 F 


The water temperature ranged from 51 to 
86 F. 

All specimens were cleaned, analyzed, 
measured, and weighed prior to exposure. 
Some care was exercised in preventing 
the formation of beryllium oxide. Films 
of this oxide, which substantially reduce 
corrosion rates, would produce mislead- 
ing results (1). 

Following exposure, specimens were 
either hand or chemically cleaned before 
reweighing. Hand cleaning involved 
scrubbing with a mild abrasive, whereas 
chemically cleaned specimens were 
cathodically pickled in warm, dilute 
sulfuric acid and scrubbed. On the basis 
of control specimens, it is unlikely that 
cleaning losses would have a significant 
effect upon calculated corrosion rates. 

Determinations of tensile strength and 
percentage elongation in 2 in. were in 
accordance with the Tentative Methods 
of Tension Testing of Metallic Materials 
(E8-52T),* using cross-milled speci- 


3 1952 Book of ASTM Standards, Part 2, p. 1208. 
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mens similar to Fig. 5 of that method. 
The tensile strength was determined from 
the breaking load, employing the actual 
thickness and width of the test section. 

In sea water immersion and atmos- 
pheric tests, sets of four specimens were 
used. Although maximum and minimum 
weight losses are given in the tables, the 
average weight loss for all four specimens 
has been employed in calculating cor- 
rosion rates. Similarly, maximum and 
minimum tensile values have been re- 
ported, but the percentage change is 
based upon the averages for exposed and 
storage specimens. These latter speci- 
mens were stored at ordinary room tem- 
peratures but sealed to prevent atmos- 
pheric corrosion. Sets of four storage 
specimens were tested at the beginning of 
the program and each time that exposure 
specimens were removed from the test 
racks. 


Sea Water at Low Velocity: 

To investigate the behavior of beryl- 
lium copper in low-velocity sea water 
under fouling conditions, tension speci- 
mens 0.050 by 0.5 by 12 in. were im- 


-mersed in slowly moving sea water 


(tidal flow). Specimens were mounted 
vertically on small racks using monel 
nuts and bolts and were insulated from 
the rack and fasteners by bakelite in- 
sulators. In addition to solution-treated 
and age-hardened (AT) beryllium cop- 
per, comparison specimens of phos- 
phorus-deoxidized copper, arsenical ad- 
miralty, and iron-modified 
cupro-nickel were exposed in 
annealed (A) condition. 

On October 30, 1950, the racks were 
immersed from the dock at Harbor 
Island, N. C., to a depth ranging from 
2 ft at low tide to 7 ft at high tide. 
When racks were removed after either 197 


the 


or 585 days, specimens were rated for 


70-30 


O14 
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TABLE II.—WEIGHT LOSS RESULTING FROM IMMERSION IN SEA WATER AT LOW VELOCITY. 
Harbor Island, N. C., October, 1950, to June, 1952. 


Tension specimen, exposed area 16.6 sq. in. or 1.07 sq. dm. 


‘Exposure | Weight Loss, g | Corrosion Rate 
Material and Condition ime, | Pitting, in. Remarks 
days | Min | Max | mdd* | in. peryr | 
(aT) | | | | 010018 | | No fouling” 
llium co; to 0. fouling 
eal 584 2.72 3.21 5 0.0008 0 to 0.012 | Slight surface corrosion, 
Phosphorus-deoxidized { 197 | 1.68 | 1.91 9 | 0.0015 | 0t00.001 | No fouling 
copper 585 3.16 3.98 5 0.0008 corrosion, 
Arsenical admiralty A). 197 1.77 9 0.0015 None No fouling 
584 2.93 3.56% 5 0.0008 wae Slight surface corrosion, 
edges corroded 
Cupro-nickel, iron-modi- 197 0.25 0.29 1 0.0002 None Fouling 
fed 70-30 iciacens 584 0.50 0.73 1 0.0002 | 0 to 0.0085 | Good condition, slight etch 
: } under tiny or pits under tiny barna- 
| | | barnacles | cles 
@ One specimen corroded in half and is not included in results. _ 


* Milligrams per square decimeter per day. 


II.—CHANGE IN TENSILE PROPERTIES RESULTING FROM IMMERSION IN SEA W. 
= AT LOW VELOCITY. — 


Harbor Island, N. C., Oc 


tober, 1950, to June, 1952. 


Exposed as tension specimens. 


Material and Condition 


70-30 


584 
Cupro-nickel, ed at 59 700 | 60 000 


Change, 
- Storage Specimens Exposed Specimens per cent 
| Tensile Strength, | Flongation | peasite Strength, | Elongation] § 
& psi, in 2 in., psi in 2 in., els 
per cent percent | 28 & 
__| 
Min | Max | Min|Max| Min | Max | Min |Max|@”| 
164 700 | 170000] 5 
000%] 183 500%] 179 200%] 181 000%) 6%] 0 
300 | 170 800} 4 6 | 153 800 | 160 500] 5 6 | —6.0] +20 
171 000 | 176 200] 3 5 | 165 170000] 2 $ | ~3.1| —25 
36 | 40 
31 100} 31900] 41 | 43 g00 | 31300] 39 | 41 | —s 
584} 32100] 32 800 40 | 31300] 31900] 27 | 37 | —2.8] —18 
54300] 57 200| 43 | 45 
45 | 45 | 56700] 57400] 44 | -1.5] —4 
58 200 | 58700} 41 | 42 | 56 700% 58 400| 40 | —1.9| —10 
28 
58 400 | 59 300] 29 | 31 | 58800] 59300] 29 | 30 o| —6 
60 200 | 61 200] 28 | 28 | 59400] 60000] 24 | 28 | —1.8| —7 


* Different lot having an original tensile strength of 188, 


One specimen corroded in half and is not included in 
fouling, cleaned, weighed, inspected for 
pitting, and finally tension tested. The 
results are given in Tables II and III. 

These data indicate that beryllium 
copper, copper, and admiralty behave 
similarly and are corroded at a rate 
greater than cupro-nickel. The higher 
corrosion rate of the former materials 
prevents fouling; however, fouling was 
observed in the case of cupro-nickel. 
Both beryllium copper and copper 


nad with 5 per cent elongation. 


showed a tendency toward crevice cor- 
rosion, while the more severe edge cor- 
rosion noted for copper and admiralty 
may be responsible for the lower elonga- 
tion values of these materials. 

It should be pointed out that the beryl- 
lium copper specimens were exposed in 
the precipitation-hardened (AT) con- 
dition whereas the other materials were 
annealed (A), so that the strength of the 


Beryllium copper (AT)... 
P leoxidized cop | 
] 
1 
( 
| 
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beryllium copper ranged from approxi- exposed for 92 days. In addition to 
mately three to six times that of the tension specimens, rectangular strips 
other materials. In order to determine were also included. Since the rectangular 
whether the high strength of the precipi- strips were machined into tension speci- 


TABLE IV.—EFFECT OF CONDITION OF BERYLLIUM COPPER ON weer LOSS RESULTING 
FROM IMMERSION IN SEA WATER AT LOW VELOCITY. 


‘Sane Island, N. C., June, 1952, to September, 1952 (92 dud. 
Tension epodaen, exposed area 16.5 sq in. or 1.07 sq dm. 
Rectangular specimen, exposed area 16.8 sq in. or 1.08 sq dm. 


Weight Loss, g Corrosion Rate 
Condition Specimen Shape Pitting, in. 
Min Max mdd in. per yr 
Tensile 0.76 0.83 8 0.0013 0 to 0.0005 
Rectangular 0.87 0.93 9 0.0015 0 to 0.002 
a Tensile 0.74 0.84 8 0.0013 0 to 0.003 
Rectangular 0.81 0.94 9 0.0015 0 to 6.002 
Tensile 0.73 0.80 8 0.0013 0.003 to 0.011 
Rectangular 0.73 0.82 8 0.0013 0.001 to 0.011 
ae Tensile 0.72 0.91 8 0.0013 0.004 to 0.011 
Rectangular 0.75 0.88 8 0.0013 0 to 0.007 


_ TABLE V.—EFFECT OF CONDITION OF BERYLLIUM COPPER ON CHANGE IN TENSILE 


- PROPERTIES RESULTING FROM IMMERSION IN SEA WATER AT LOW VELOCITY. 
Harbor Island, N. C., June, 1952, to September, 1952 (92 dayed. . 
Tension specimen, tested as exposed. 
Rectangular specimen, milled to tension specimen after exposure. : 
Storage 92 days® Exposed 92 days Change, per cent 
Condi- Repent Tensile Strength, | Elongation in | Tensile Strength, | Elongation in = ‘ 
tion Shape psi 2 in., per cent psi 2 in., per cent = 2 & ™ 
as 2 
Min | Max | Min | Max'| Min | Max | Min | Max | 2? | gm 
Bicctcces Tensile 69 400 | 71 000 45 48 67 300 | 71 800 Cy] 46 —1.6 -2 
Rectangular 69 400 | 71 000 45 48 68 200 | 68 S00 45 46 —2.8 0 
ee Tensile 113 500 | 115 200 4 5 108 000 | 110 000 4 5 —4.8 0 
Rectangular 113 500 | 115 200 4 5 112 300 | 118 000 6 8 —0.3| +40 
| ee Tensile 180 000 | 183 500 4 5 179 200 | 181 000 5 6 —0.2 0 
, Rectangular 180 000 | 183 500 4 5 180 500 | 182 300 5 7 -6| +20 
ee Tensile 193 000 | 195 800 3 4 187 500 | 193 500 2 3 —1.9| —25 
Rectangular 193 000 | 195 800 3 4 194 000 | 196 S00 7 5 .2| +25 


* Original properties: 
| Tensile strength, psi | Elongation in 2 in., per cent 


a Condition 
Min | Max Min Max 
68 400 70 900 42 50 
112 800 115 000 5 5 
187 000 189 000 5 6 
196 100 197 900 2 3 


tation-hardened condition might affect mens after exposure, the influence of edge 
corrosion rates or lead to reduced tensile corrosion could be evaluated. 

values as a result of notching, an addi- As indicated in Tables IV and V, ma- 
tional series of beryllium copper speci- terial condition had no marked effect 
mens (A, H, AT, HT conditions) was upon corrosion rates as measured by 


| 


weight loss or change in tensile proper- 
ties. In fact, weight losses for precipita- 
tion-hardened specimens were slightly 
less than for heat-treatable stock, al- 
though pitting was more severe. As 
anticipated, specimens with corroded 
edges showed a slightly greater loss in 
tensile strength and elongation. 

Table VI affords a comparison be- 
tween the results of the present project 
and similar but earlier work with low- 
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line effect,” while others were totally 
submerged. 

Test results are presented in Tables 
VII, VIII, IX, and X, while typical 
specimens that were totally immersed in 
flowing sea water for 21 months are 
shown in Fig. 1. Based upon loss of 
weight, width, tensile strength, and 
elongation, optimum resistance to cor- 
rosion in flowing sea water is obtained 
with cupro-nickel, followed by beryllium 


TABLE VI. Cera ors SEVERAL INVESTIGATIONS OF CORROSION RATES IN SEA WATER 
W VELOCITY (STRIP OR SHEET SPECIMENS). 


| Corrosion Change, 
| é Rate per cent 
‘omposi- | Con- ais 
Material Investigation Location |dition| in. | 
per cent' | mdd| per 
BS we | & 
Beryllium copper...... Present Harbor Island, N.C. om, AT | 584 5 0.0008} —3.1) —25 
.26 Co 
Tracy (2) Long Island Sound, | 2.00 Be, | AT | 300°] 2 |0.0004 
Conn. 0.35 Ni 
Pheagherus- aed resent Harbor Island, N. C. | 0.025 P A 584 5 |0.0008} —2.8) —18 
copper. . Bulow (3) Kure Beach, N. C. 0.009 P A 388 a... Sa ee 
Long Island Sound, 0.020 P | 730°] 4 (0.0007) —7.0) —11 
Thompson. ‘onn. 
and Free- 
man (4) 
ASTM (5) Bridgeport, Conn. 0.007 P A 243 15 |0.0025|—14.4) —26 
Arsenical admiralty....{| Present Harbor Island, N. C. ay > A 584 5 0.0008} —1.9 —10 
.0S Sn, 
0.05 As | 
- Bulow (2) Kure Beach, N. C. ws3 A 388 9 |0.0015 
0.04 As | 
Capse-sickal, iron- {| Present Harbor Island, N.C. | 30.0 Ni, A 584 1 (0.0002) —1.8) —7 
modified 70-30........ 0.44 Fe | 
Bulow (2) Kure Beach, N. C. a Py A 388 2 porn 
.42 Fe 


@ Balance copper. 


Specimens mounted at wae tide (alternately immersed twice daily). 


velocity sea water by other investigators. 
The order of agreement appears fair. 


Flowing Sea Water: 


To obtain the desired test conditions 
at moderate velocities, sea water is 
pumped through a trough at 2 to 4 ft 
per sec. Insulated tension specimens were 
suspended in the trough approximately 
45 deg from a vertical position. Certain 
specimen sets were partially immersed to 
their midpoint to determine the “water- 


copper, copper, and admiralty in the 
order named. 

Pitting and impingement corrosion of 
the leading edge seem to be limited to 
admiralty and copper. These types of 
attack are probably responsible for the 
marked reduction in tensile strength and 
elongation noted in the case of copper 
and admiralty. Table IX indicates that 
copper offers better resistance to edge 
corrosion than admiralty under the par- 
ticular conditions of this test. This con- 


2 
a 
I 
I 
Slt 
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clusion, however, does not necessarily 
agree with service experience, . since 
admiralty has proven satisfactory as a 


crease in tensile properties for specimens 
partially immersed compared with those 
totally submerged. This may be due to 


TABLE VII.—WEIGHT LOSS RESULTING FROM PARTIAL IMMERSION IN FLOWING SEA WATER 
AT MODERATE VELOCITY. 


Harbor Island, N. C., October, 1950, to September, 1952. 
Tension specimen, exposed area 0.64 sq dm. 


Ex- Weight Loss,| corrosion Rate Loss of 
: Loss of Thick- 
Material and Condition Width, | Remarks 
days | Min | Max | mdd — in.* in. = 
92 | 1.37 | 1.44 | 24 | 0.0040 ding edge grooved 
Beryllium copper (AT).......... 274 | 2.27 2.77) 14 | 0.0023 corrosio 
697 | 2.94 | 3.42 7 | 0.0011 | 0.000 | 0.004 | Edges slightly 
cor! 
697 | 4.17 | 5.84 | 11 | 0.0018 | 0.125 | 0.007 Edges. an ‘badly 
92 | 1.14 | 1.41 21 | 0.0030 
Arsenical admiralty (A)......... | 274 | 3.70 | 4.88 | 23 | 0.0038 re ... | Pitting up to 0.013 in. 
697 | 5.20 | 7.80 | 15 | 0.0025 | 0.125 | 0.008 | Edges and surface badly 
corroded 
697 | 0.60 | 0.81 2 | 0.0003 | 0.000 | 0.000 Su: ol etched, 
| 
®@ Due to impingement corrosion of leading ed, . 
® Loss of thickness at bottom or submerged end compared to top of specimen. a 
TABLE VIII.—CHANGE IN TENSILE PROPERTIES RESULTING FROM PARTIAL IMMERSION 
IN FLOWING SEA WATER AT MODERATE VELOCITY. 
Harbor Island, N. C., October, 1950, to September, 1952. 


Exposed as tension specimens. 


Change, 
¢ Storage Specimens Exposed Specimens per cent 
Material and Condition | 'p | Tensile Strength, | "longation | Tensite Strength, | Flongation| | § 
psi per cent per cent 
| 
Min Max | Min|Max| Min Max | Min | Max| & fa 
2 | 100 | 169 300} | | 165500] 168 s00| 7 
—0.5|-+-100 
Beryllium copper (AT)....... | 200 | 170 200| | $ | 161200] 166900] 4 | 6 | 
170 100 | 173 000| 4 | 4 | 162 000] 166 100| 5 —4.2| +50 
30 700} 31500| 36 | 40 
(AP copper)) 92 600 | 31800} 38 | 43 | 31200] 32100| 39 | 44 | 41.0) 
siteeeeeeeeeeeeeeeereeers 274 | 31700| 32500| 40 | 44 | 27900| 29800] 24 | 31 |—10.9| —37 
697 32 800| 41 | 43 | 26700| 29000] 20 | 22 |—13.8| —So 
92 | 57 100 00 57 000 42 | 45 0.5| —2 
Atsenical admiralty (A)...... 274 | 57.900] 58700| 45 | 46 | 51000] 54400| 28 | 34 |—10.7| —31 
697 | 58500] 59000] 43 | 43 | 39200] 54600| 18 | 30 |—18.7 
Cupro-nickel, iron-modified 70- 0 59 700 | 60000; 28 30 
,_eeeantapiamtin si: 92 58 600} 29 | 30 | 58700] 59500| 27 | 29 | +1.4| —7 
274 | 39100| 59500) 28 | 30 | 58 700| 60 200| 29 | 30 | —0.2) +3 
697 | 60100) 60600] 29 | 30 | 59400] 60000| 29 | 30 | 0 
condenser tube material handling sea the more severe edge attack resulting 


water, whereas copper has not. 
Although there is little difference in 
weight loss, there is slightly greater de- 


from partial immersion. 
_ The data presented make possible a 
comparison of the corrosion rates be- 
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TABLE IX.—WEIGHT LOSS RESULTING FROM TOTAL IMMERSION IN FLOWING SEA WATER 
AT MODERATE VELOCITY. 


Harbor Island, N. C., October, 1950, to September, 1952. 
Tension specimen, exposed area 0.44 sq dm. 


ot| Ee 


Weight of 
Loss, g te Thick 
Material and Condition | Bnet Width, ness, Remarks 
days | Min | Max | mda | per in 
92 | 0.99 | 1.01 25 | 0.0040 a ves 
Beryllium copper (AT)......... 274 | 1.31 | 1.50] 12 | 0.0019 wee ... | Slight corrosion 
697 | 2.15 | 2.28 7 | 0.0011 | 0.000 | 0.005 and surface slightly 
corroded 
. 92 | 0.92 | 1.01 24 | 0.0040 ona 
Phe deoxidized copper 274 | 1.90 | 2.42 | 18 | 0.0029 pitting 0.002 to 
697 | 3.42 | 4.19 | 12 | 0.0020] 0.000 | 0.005 | Edges and surface badly 
corroded 
92 | 0.91 | 0.97} 23 | 0.0040 
274 | 1.87 | 2.52} 19 | 0.0037 pitting 0.007 to 
Arsenical admiralty (A)........ 0.009 in 
697 | 4.09 | 6.52 | 17 | 0.0029 0.125 | 0.008 | Edges surface badly 
corroded 
iron-modified 70- 92 | 0.25 | 0.32 7 0010 
274 | 0.34 | 0.36 3 | 0.0005 one Slight corrosi 
697 | 0.50 | 0.61 2 | 0.0003 | 0.000 | 0.000 | Slight corrosion pn ender bar- 


© Due to impingement corrosion of | edge. 
> Loss of thickness at bottom pn to top under spacer. 


From left: cupro-nickel, beryllium copper, admiralty, and copper. 


Fic. 1.—Specimen After Total Immersion in Flowing Sea Water (2 to 4 ft per sec) for 21 months. 
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tween relatively quiet (tidal flow) and 
flowing sea water (2 to 4 ft per sec). Al- 
though velocity exerts a strong influence 
upon weight loss, as shown in Fig. 2, the 
effect upon tensile properties is not con- 
sistent and is of smaller magnitude. In 
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specimens were tested in the rotating- 
spindle apparatus (6). Specimens 5 in. in 
diameter and 0.050 to 0.125 in. thick 
were held by suitable insulated fasteners 
6 in. below the surface of sea water on 
vertical shafts. A shaft speed was 


8 
Beryllium Copper Copper 
= 

E 
= 
© 
a 
8 
S Admiralty 
= 
> 

4 

--* 
re) | | | 
0 400 800 400 800 
Exposure Time, days 

Fic. 2.—Weight Loss as Affected by Sea Water Velocity: Quiet (Tidal Flow) and Flowing (2 to 

4 ft per sec). 


the case of copper and admiralty, pitting 
and erosion of the leading edge become 
important factors with velocity increases. 


Rotating-Spindle Apparatus: 


To determine the effect of increased 
velocities upon corrosion rates, disk 


selected to give calculated linear veloci- 
ties ranging up to 28 ft per sec. After a 
test period of 60 days, specimens were 
cleaned, weighed, and the thickness 
measured at different radii to determine 
the depth of attack at various velocities. 

- In the first run, two beryllium copper 
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_ TABLE X.—CHANGE IN TENSILE PROPERTIES RESULTING FROM 
FLOW VELOC. 


ING SEA WATER AT MODERATE 
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Harbor Island, N.C., October, 1950, to September, 1952. 
Exposed as tension specimens. 


TOTAL IMMERSION IN 
ITY. 


Calculated Linear Velocity, ft per sec 


specimens (AT and HT conditions) were 
tested in sea water having an average 
temperature of 54 F. These specimens 
were resurfaced and subsequently re- 
tested with two annealed copper disks in 


Change, 
i Storage Specimens Exposed Specimens per cent 
Material and Condition | Tensile Strength, | Flongation | Tensile Strength, | Elongation | | § 
i psi ea 
per cent per cent 
, 8 
| Min | Max | Min|Max| Min | Max | | 
92 | 166 100 | 169 1001 & | 168 s00 172 500| 4 | | 41.8] +25 
Beryllium copper (AT).......4) 74 | 167 800 | 170 200| 5 | | 169 500|174000| 4 | 6 | 41:1] 0 
697 | 170 100 | 173 000| 4 | 4 | 162800| 167300; 3 | 4 | —3.7| 0 
30700] 31500| 36 | 40 
Ay Copper 92 31 800 | 38 | 43 | 31500| 32500] 40 | 42 2.9} 0 
274 | 31 700| 32500| 40 | 44 | 29600| 31000| 29 | 41 | —6.5| —17 
697 | 32 500| 32800] 41 | 43 | 30000] 31 700| 28 | 33 | —S.2| —26 
o| s4300| 57200] 43 | 45 
Arsenical admiralty (A)....... 92| 57 100| 57 700| 43 | 45 | 57 700| 43 | 45 | +1.4| —2 
274 | 57900| 58700| 45 | 46 | 53500| 56000] 35 | 45 | —5.5| —11 
697 | 58500| 59000| 43 | 43 | 42 700| 50000| 20 21.3] —47 
0| s9 700} 60000| 28 | 30 
93 300 | 29 | 30 | s8700| s9soo| ‘2 | 31 | 41.21 0 
274 | 59100} 59500| 28 | 30 | 58700| 59 400| 28 | 30 | 0 
697 60 100 | 60 600 29 | 30 | 58700) 59800) 23 | 30 | ~1.7| —10 
8 
| | 
Beryllium Copper Copper 
E HT --@-- Spec. 2 
=a 4 
\ wy 
a 
2 
fe) 
8) 10 20 30 O 10 20 30 


Fic. 3.—Effect of Velocity on Depth of Attack in Rotating-Spindle Test for Beryllium Copper 
(AT and HT Conditions) and Copper (2 Annealed Specimens). 


sea water averaging 81 F. It is of interest 
to note that the over-all corrosion rate of 
the beryllium copper disks exposed at 
54 F was slightly less than 50 per cent of 
the value obtained at 81F (59 to 136 


as 


th ad 


| 
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mdd (milligrams per sq decimeter per 
day)). 

Figure 3 illustrates the effect of 
velocity on depth of attack, and typical 
disks are shown in Fig. 4. The critical 
velocity or speed at which the protective 
film loses its effectiveness is approxi- 


921 


specimens were tested in the EES 
machine (6, 8). Specimens, which are at- 
tached by insulated fasteners to plastic 
disks mounted on a horizontal shaft, are 
rotated at high velocity in a tank con- 
taining sea water. By virtue of violent 
agitation produced by the whirling disks 


(2) Copper (A). 


) Beryllium copper (AT). 


Fic. 4.—Typical Disk Specimens from Rotating-Spindle Test in Sea Water. 


mately 15 ft per sec for both copper and 
beryllium copper. This figure can be 
compared with critical velocities ranging 
from 15.0 to 17.5 ft per sec obtained in 
earlier tests on admiralty and various 
cupro-nickel alloys (7). Although these 
latter alloys maintain their protective 
films at slightly higher velocities, once 
the film is lost the depth of the attack at 
higher speeds (18 to 25 ft per sec) is 
greater than that observed with either 
copper or beryllium copper. It should be 
pointed out, however, that the critical 
velocity in this test may vary from that 
encountered with a fixed specimen and 
moving water, since disk velocities vary 
from point to point. 


Engineering Experiment Station (EES) 
Apparatus: 


As a further means of checking velocity 


effects and resistance to erosion, flat bar 


TABLE XI.— T LOSS RESULTING FROM 
EXPOSURE APPARATUS FOR 60 DAYS. 
Harbor Island, N. C., Perey. =m, te April, 1952. 

Nominal tip "velocit' Specimen size, 
approximately 4 by % by % 


Average Corrosion 
Sea Water Condi- Rate 
Material Temper- then 
ature, in. 
deg Cent mdd per yr 
Beryllium copper. ..... 20 AT 78 | 0.013 
HT 77° 0.013 
Arsenical admiralty... . 15 A 125 | 0.021 
26 A 133 | 0.022 
Cupro-nickel, iron- 
modified 70-30........ 30 A 31 | 0.005 


and test bars, large amounts of air are 
entrained in the water. By suitable means 
of control, the water temperature is held 
to +2C. Exhaustion of corrosive con- 
stituents or accumulation of corrosion 
products is prevented by the continuous 
passage of fresh sea water through the 
tank. 


— 
| 
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Test results are listed in Table XI. In 
this instance, data for the comparison 
alloys were obtained from another in- 
vestigation but are included because of 
the similarity of test conditions (nominal 
tip velocity, 27 ft per sec, and specimen 
size, approximately } by # by 4 in.). 

Typical beryllium copper specimens in 
the AT and HT conditions are shown in 
Fig. 5. Although erosion is more apparent 
in the case of the AT bar as evidenced by 
surface roughening, the corrosion rates 


Fic. 5.—Typical Beryllium Copper Bar Spec- 
imens After Test in EES Apparatus. 


(Top) AT condition. 
(Bottom) HT condition. 


given in Table XI are similar. The in- 
fluence of velocity can be readily appreci- 
ated by comparing the values for 92-day 
immersion in flowing sea water (2 to 4 ft 
per sec) from Table IX with the EES 
results (27 ft per sec) in Table XI. In the 
case of beryllium copper, the velocity 
increase produces a rise in corrosion rate 
from 25 to 78 mdd. Similar increases 
were observed for admiralty (23 to 129 
mdd) and cupro-nickel (7 to 31 mdd). 


Sea-Water Jet Tests: 


Two different jet tests, the aspirator 
and the British types, have been em- 
ployed to determine the resistance to 
impingement attack by an aerated 
stream of sea water. In the aspirator 
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test, air bubbles are sucked into the jet 
through a venturi-type nozzle and the 
resulting aerated stream is directed 
against the test specimen (6). The 


TABLE XII.—RESULTS OF EXPOSURE IN AS- 
PIRATOR-TYPE SEA WATER JET TEST APPARA- 
TUS FOR 30 DAYS. 

Harbor Island, N. C., October, 1950, to November, 1950. 

Average sea water temperature 14.4 C. 2.4 per cent 
by volume air added. 
ee Peak jet velocity, 12 ft per sec. Specimen size, 1.5 by 

.5 in. 


> 
Material ¢ 
a 
Py 
33 
le a 
A 12.8 |0.0030} 0.19 
H 14.3 |0.0043) 0.19 
AT | 11.5 |0.0023] 0.50 
HT | 10.9 |0.0043) 0.22 
H 9.7 10.0025] 0.19 
HT | 14.0 {0.0035} 0.25 
A 9.8 10.0030) ... 
A 12.9 |0.0035| 0.88 
A 5.8 0.0030] 0.38 


TABLE XIII.—RESULTS OF EXPOSURE IN BRITISH 
TYPE JET TEST APPARATUS FOR 30 DAYS. 
Harbor Island, N. C., November, 1950, to December, 1950. 

Average sea water temperature, 9.3 C. 2 to 4 per cent 
by volume air added. 
“ pes jet velocity, 15 ft per sec. Specimen size, 354 by 
in. 


4. 
| 
ad 
3 Sz 
|as 
Beryllium copper. ........... A 10.8 0.0046 0.67 
H 10.0 0.0020) 0.44 
AT | 11.4 ‘ome: 0.67 
Beryllium-cobalt-copper...... HT | 12.8 0.0049 0.50 
Phosphorus-deoxidized cop- | 
A 9.9 om 0.58 
Phosphor bronze, Grade A....| A 7.7 ,0-0020 0.73 


British-type jet premixes air and sea 
water in a manifold under controlled 
conditions. The mixture is then delivered 
to a submerged specimen holder where it 
passes through a standard jet to impinge 
against the specimen (9). 


q 
Beryllium 
Arsenical 
- 30... 


Fic. 6.—Typical Beryllium Copper Specimens After to Aspirator-Type Sea Water Jet. 


Exposure 
From left, top: beryllium-cobalt-copper (H) and (HT), beryllium copper (A); bottom: beryllium 
copper (AT), (H), and (HT). 


Fic. 7.—Typical Specimens After Exposure to British-Type Sea Water Jet. From left, top: 
beryllium-cobalt-copper (HT), phosphor bronze (Grade A) (A), and copper (A); bottom: beryl- 
lium copper (A), (AT), and (i). 


These jet tests were originally devised may prove especially severe, since the 
as a means of evaluating condenser-tube continuous removal of the protective — 
materials, but they are also generally film by impingement is greatly abetted 
useful in measuring velocity effects and by the breaking of the air bubbles en- 
resistance to erosion. This type of attack trained in the water at the metal surface. 
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BLE XIV.—RELATIONSHIP BETWEEN OPEN 
POTENTIALS AND CORROSION 
_ COPPER-BASE MATERIALS IN SEA 


sca 7.7 to ee ft per sec. Temperature, 20 to 
Exposed area, 2.875 sq in. 


Steady | Corrosion 
: Potential Rates 
Relative to 
Saturated 
Calomel Weight 
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for materials common to both jet tests, 
the corrosion rates obtained in the 
British apparatus (Table XIII and 
Fig. 7) were similar to those found with 
the aspirator type. 


Galvanic Corrosion: 
Half Cell, SSeS, 
; v mdd The galvanic corrosion and potential 
 Sieiatiitiiaalatiniaecisis 0.36 106 of beryllium copper strip were deter- 
Beryllium mined in flowing sea water. Details of the 
ly phosphorus-in- pen = test apparatus and procedure have been 
described elsewhere (7, 10). 
90-10 nickel, 1.5 Fe...... 0.27 25 
iB cubte nickel el, low iron. | 026 22 Data obtained in this test are helpful 
in predicting the direction of galvanic 
> 
- 
= 
E 
2 
Potential 
~ 800 40 
2 
ax 
c 
$ 
2 400 20 
@ 
> 
mdd 
° 2 6 8 


sec and 20 C 


Aspirator-type jet test results are re- 
ported in Table XII, while typical 
specimens are shown following cleaning 
in Fig. 6. Although the depth of attack is 
approximately the same for all materials, 
cupro-nickel was found to provide the 
best resistance in terms of weight loss. 
This latter result is in agreement with 
field experience, wherein cupro-nickel has 
been found to provide better resistance 
to impingement pitting than either 
copper or admiralty. Based upon data 


Applied Current, ma 


Fic. 8.—Cathodic Polarization of Beryllium Copper (AT) in Sea Water Flowing at 7.8 ft per 


currents when two dissimilar materials 
are in contact in a suitable electrolyte. 
Open circuit measurements of the steady 
potential, negative to a saturated calomel 
half cell, after a 14-day exposure period 
in turbulent sea water (7.8 ft per sec and 
20 C) give a value of 0.29 v for beryllium 
copper (AT). This value can be compared 
with a potential of 0.20 v resulting from 
immersion in artificial sea water at 
25 C (11). 

The relationships between open circuit 


Be 


po 
Co} 
XI 
are 
7.8 
M 
Be 
Ph 
Ph 
Be 
Be 
Be 

Pp 
P 
Cc 
I 
I 
I 


potentials and corrosion rates for several 
copper-base materials are listed in Table 
XIV. Although data for beryllium copper 
are based upon a sea water velocity of 
7.8 ft per sec and a temperature of 20 C, 
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tion characteristics of the materials 
involved. Consequently, polarization 
studies were conducted in flowing sea 
water with controlled current densities 
applied to the specimens. Figure 8 shows 


TABLE XV.—WEIGHT LOSS AND CHANGE IN TENSILE PROPERTIES RESULTING FROM 
ew | EXPOSURE IN MARINE ATMOSPHERES. 


Specimen size: 0.050 by 3 by 12.75-in. 


Kure Beach, N. C., October, 1950, to October, 1952. 


Exposure Area: 77.1 sq in. or 5 sq dm. 


OO Exposed 30 deg from horizontal. 
- | Corrosion Rate Storage Specimens Exposed Specimens Change, 
E per cent 
Tensile Elongation Tensile Elongation) 
Material and Condition |» | Weight Strength, | inZin, | Strength, | in Zin. s 
a5 4 mdd per cent psi per cent 3 
Min |Max Min | Max | Min Min | Max | Min |Max 
80 rr From OCEAN 
361/ 0.81) 1.13) 0.5 |169 200,171 800) 5 6 |174 500 180 200) 4 6 |+4.0 0 
731) 1.24) 1.29) 0.3 |170 100173 000) 4 4 |176 000.179 000) 6 6 |+3.8 | +50 
Phosphorus-deoxidized | coe | | 30 700) 31 500] 36] 40 | 
copper (A)........ S61 1.29) 1.96} 0.8 | 31 600) 31 800, 41 | 42 | 31 700) 32 40) 42 —2 
731) 1.74| 2.04) 0.5 | 32 500) 32 800) 41 | 43 | 32 700) 33 800) 39 | 40 |41.8| —5 
1} 2.18) 2.49) 1.3 | 47 500) 47 700) 52 57 | 50 700) 51 300| 53 0 
731 3.24 3.54] 0.9 | 47 500| 47 52| 54 48 200} 50 200] 50| SS |+2.5| +2 
800 rr From OcRAN 
361| 0.41) 0.43) 0.2 | 67 100) 67 500} SO | 68 800) 70 800) 36 47 |4+4.2 | —12 
731| 0.73) 0.74) 0.2 700; 42] 45 | 68 300) 69000) 46/ SO |+0.1 +9 
361| 0.49) 0.55) 0.2 |112 000/114 100) 5 5 800/115 000) 5 6 |+1.2 | +20 
731) 0.66) 0.76) 0.2 |110 800/116 4 5 |116 300/117 000) 5 7 |+2.5 | +20 
Beryllium copper (AT)... 0}... |... |... 700/170 000) 5 
361) 0.42) 0.45) 0.3 |169 200)171 800) 5 6 000)179 000} 3 6 |+4.5 | —33 
0.69) 0.73) 0.2 100)173 000) 4 4 |179 000/180 000) 6 6 |+4.7 | +50 
Beryllium copper (HT)... ... [190 600/196 200} 1 
361) 0.36) 0.40) 0.2 |193 800/197 000) 3 3 |196 800/205 500) 2 3 |+2.1 | —33 
0.59) 0.70) 0.2 |196 000)196 200) 3 3 |187 500|198 500} 3 4 |—0.4 | +33 
Beryllium-cobalt-copper ... | ... | [127 000/136 000} 8] 10] ... 
(AT) 0.62) 0.66] 0.4 |134 300|134 700) 10] 11 |129 900/133 200) 12 |—2.4 0 
731) 1.05) 1.16] 0.3 |136 700137 200} 9 | 10 |133 500|134 000} 10 11 |—2.5 | +10 
Phosph deoxidized cvs 30 700) 31 500} 36) 40; ... 
copper 361| 0.94) 1.03) 0.6 | 31 600] 31 800) 41 | 42 | 31 800) 32 300) 40 | 42 0 
731| 1.55| 1.61) 0.4 | 32 500] 32 800) 41 | 43 | 33 200) 33 400) 39) 40 |+2.1 -7 
Phosphor bronze (Grade ... | ... | 46 000] 46 200) 56/ ... 
361) 1.19) 1.23) 0.7 | 47 500) 47 700) 52) 57 | 50 600) 52 400) 57 |+8.8| —4 
731| 1.86) 1.92) 0.5 | 47 S00) 47 900) 52 54 | 48 300) 48 500) 54/ SS |+1.5| +2 


comparison materials (7) were run at 13 ft 
per sec and 25 C. 

As indicated by LaQue (7), open circuit 
potential measurements may prove un- 
reliable in predicting corrosion rates 
without some knowledge of the polariza- 


the effect of applied current upon the 
potential and corrosion rates. A different 
specimen was employed for each current 
density. 

The accompanying results emphasize 
the fact that the galvanic behavior of 


beryllium copper is similar to that ob- 
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ble influence upon corrosion rate, beryl- si 
served in other copper materials. 9a lium copper was found to be slightly tl 
ior to beryllium-cobalt-copper. The 
ome . changes noted in tensile properties were v 
To determine resistance to marine not consistent, and no correlation was b 
atmospheres, specimens were exposed found to exist between tension and c 
for 2 yr at 80 and 800 ft from the ocean weight loss data. a 
_ at Kure Beach, N. C. Rectangular speci- Table XVI provides a means of evalu- L 
mens, measuring 0.050 by 3.00 by 12.75 ating the present results in light of earlier c 
in., were inclined 30 deg from the hori- work at several locations on the com- r 
zontal. Corrosion rates were obtained parison materials copper and phosphor 
from the weight differences noted be- bronze. The higher corrosion rates ob- s 
i tween the original weighing before testing tained in the present study are probably : 
| and the final weighing after exposure and due to the shorter exposure period, since a 
TABLE XVI.—COMPARISON OF SEVERAL INVESTIGATIONS OF CORROSION RATES IN MARINE ( 
ATMOSPHERES (STRIP OR SHEET SPECIMENS). 
| Ichange, per cent ( 
Nominal Ex- Cor- 
per cent® yr mdd 
| a 
1 Phosphorus- {| P: .025 A 2 | Kure Beach, N. C. 0.4 | +21] —7 1 
deoxidi: Tracy, Thom 0.020 P A 8-10 | Long Island Sound, 0.2 —1.6 -3 
copper ..... an Freeman (4) Conn. 
ASTM (12) 0.007 P A 10 Send Hook, N.J. | 0.2 | -1.4] -6 
est, Fla. 0.1 | —3 
Jolla, Calif. 0.3 —0.6 +4 
Sn, . 
q ss Present 5 >. A 2 Kure Beach, N. C. 0.5 +1.5 +2 
ASTM (12) 8.0 Sn, A 10 | Sandy Hook, N. J 0.3 | 41.3] 0 | 
0.03 P Key West, Fla 0.2 +4.1 —2 
La Jolla, Calif. 0.5 | +35) —1 
* Balance copper. 


cleaning. Tension specimens were subse- 
_ quently machined from the rectangular 
strips. In addition to beryllium copper 
and beryllium-cobalt-copper in various 
conditions, copper and phosphor bronze 
_ specimens were included in this series of 
tests for comparative purposes. 

Test results are listed in Table XV. 
For all materials, the corrosion rate at 
800 ft from the ocean is only slightly 
more than one half that measured at 80 
ft. At both locations, beryllium copper 
provides substantially better resistance 
to atmospheric corrosion than either 
copper or phosphor bronze, but all ma- 
terials were covered with tarnish ranging 
in color from green to brown. Although 
temper or condition exerted no observa- 


4 


Table XV indicates a marked drop in 
corrosion rate with increased time “ 
test. 


CONCLUSIONS 


Beryllium copper and _ beryllium-co- 
balt-copper in various tempers and con- 
ditions have been exposed to sea water 
and marine atmospheres. For compara- 
tive purposes, phosphorus deoxidized 
copper, arsenical admiralty, iron-modified 
70-30 cupro-nickel, and phosphor bronze 
(Grade A) have been included in the 
annealed condition in many of these 
tests. The results over test periods up to 
2 yr have been expressed as loss of weight 
or change in tensile properties. 

In quiet sea water, the corrosion re- 


iin 
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sistance of beryllium copper was less 
than that of cupro-nickel but equal to 
copper or admiralty. With increasing 
water velocities, the resistance offered by 
beryllium copper was still less than 
curpo-nickel but superior to copper or 
admiralty. In flowing sea water, partial 
immersion or “waterline effect” did not 
cause any appreciable change in cor- 
rosion rate. 

High velocity tests, such as rotating- 
spindle, EES, and jet impingement 
yielded results that are slightly more 
anomalous. For example, beryllium cop- 
per offered relatively beiter resistance to 
corrosion in the rotating-spindle and 
EES tests than in the sea-water jet test. 
Galvanic potential and corrosion under 
open-circuit and polarizing conditions 
were similar to the values obtained with 
other copper-base materials. 

Beryllium copper was found to offer 
better resistance to corrosion by marine 
atmospheres than either copper or phos- 
phor bronze. As expected, the corrosion 
rate at 80 ft from the sea was sub- 
stantially greater than encountered at 
800 ft. 

From the tests conducted, beryllium 
copper provides slightly better resistance 
to sea water or marine atmosphere than 
beryllium-cobalt-copper. Although cold 
rolling or precipitation hardening causes 
a marked improvement in the strength 
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and hardness of these alloys, material 
condition exerts no observable influence 
upon corrosion resistance. The slight de- 
crease in tensile strength and elongation 
resulting from edge corrosion does not 
appear significant. For all materials, the 
corrosion rate decreases with increas- 
ing exposure time but increases, often 
rapidly, with a rise in velocity. Although 
fair agreement has been observed be- 
tween the present test results and similar 
work by earlier investigators, there are 
several instances where the data do not 
agree with service experience. 

These tests indicate that the corrosion 
resistance of beryllium copper compares 
favorably with that of copper under 
many conditions of sea water or marine 
atmosphere exposure. Consequently, 
beryllium copper can be considered for 
marine applications requiring high 
strength and the corrosion resistance of 
copper. 
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Mr. F. L. LaQue! (presented in 
written form).—The data presented by 
Mr. Richards in this paper should pro- 
vide a satisfactory picture of what may 
be expected of beryllium copper alloys 
in resisting deterioration in marine en- 

vironments. 
On the basis of the writer’s experience 


- 4 with the relation of behavior under tests 


such as described to behavior in service, 
and particularly with respect to per- 
formance where the erosive effects of sea 
water at high velocity are encountered, 
the beryllium copper alloys can be rated 
as being superior to Admiralty brass and 


f 
: inferior to the iron modified 70-30 cupro- 


nickel alloy—as illustrated typically by 

the weight loss versus time curves in 
_ Fig. 2 in the paper and by the results of 
the erosion tests with the Engineering 
Experiment Station apparatus in Table 
XI. Less significance should be attached 
to the results of the jet impingement 
tests. A review of a mass of data from 
such tests as ordinarily conducted at 
Harbor Island and comparison with other 
tests and practical experience have led 
to the conclusion that this jet test is 
too drastic. It causes appreciable attack 


charge, Corrosion Engineering Section, Develop- 


Research Division, The International Nickel 


Co., Inc., New York, N. Y. 


of many alloys that resist erosion very 
well in other tests and in service and 
tends to crowd the better materials into 
a narrow range of performance so that 
important differences in resistance to 
impingement attack observed in other 
ways are masked in the test. 

While the polarization data in Fig. 8 
support the view that beryllium copper 
will act like many other copper-base 
alloys in galvanic couples with less 
noble materials, they are not particularly 
helpful in interpreting the relationships 
between corrosion rates and potentials 
shown in Table XIV. The latter are of 
more interest as separate items of in- 
formation than in establishing any in- 
structive relationship between poten- 
tials and corrosion rates. 

It should not be concluded from the 
data in Table XIV that the low (0.8 per 
cent) iron content 90-10 cupro-nickel 
alloy will always demonstrate a more 
noble potential and lower rate of corro- 
sion in flowing sea water than a similar 
alloy of higher iron content. 

Mr. A. W. Tracy.2*—I should like to 
emphasize two items in Mr. Richards’ 
paper. The first concerns the higher 


2? Assistant eee. The American Brass Co., 
Waterbury, 
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corrosion resistance of the heat-hardened 
beryllium copper alloy specimens. Some 
time ago we made tests exposing beryl- 
lium copper to a jet of sea salt solution 
at a velocity of 36 ft per sec and also 
found that the material in the heat- 
hardened condition was somewhat more 
resistant to corrosion than material in 
the solid solution condition. We have 
obtained the same results on other ma- 
terials that can be hardened by a change 
in structure. It may be that more perma- 
nent films of corrosion products can 
form under conditions of impingement 
on the hardened materials because they 
are more resistant to minute amounts 
of deformation. 

I should also like to add emphasis to 
Mr. Richards’ statement that the data 
in his sea water tests do not always 
check the corrosion data on condenser 
tubes under actual operating conditions. 
Some of his data indicate a low resistance 
to impingement corrosion by 70-30 
cupro-nickel. On the basis of experience, 
I would rate the resistance of this alloy to 
corrosion by turbulently flowing sea 
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water to be definitely greater than that 
of either copper or beryllium copper. 

Mr. J. T. RicHarps (author’s closure). 
—The author would like to thank the 
discussers for their interesting contribu- 
tions. Mr. LaQue’s evaluation of the jet 
impingement tests is especially helpful, 
since the high velocity results appear 
more uniform when the jet data are 
omitted. 

Mr. Tracy has called attention to the 
higher corrosion resistance of the pre- 
cipitation-hardened beryllium copper. At 
first glance, this situation appears 
anomolous, since it would normally be 
expected that precipitation of the gamma 
phase from the alpha matrix might lead 
to selective attack. In the fully-aged 
condition, however, actual precipitation 
has either not occurred or is submicro- 
scopic in size. Over-aging would, of 
course, produce gamma precipitate 
visible under the microscope, but it is 
probable that this high-beryllium phase 
(approximately 12 per cent beryllium) 
offers excellent corrosion resistance due 
to its enhanced ability to form a refrac- 
tory film of beryllium oxide. 7 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON EFFECT 
OF TEMPERATURE ON THE BRITTLE BEHAVIOR OF 
METALS, WITH PARTICULAR REFERENCE TO 
LOW TEMPERATURES 


The Symposium on Effect of Temperature on the Brittle Behavior of 
Metals was held under the auspices of the ASTM-ASME Joint Com- 
mittee on Effect of Temperature on the Properties of Metals during the 
First, Second, Third, Fifth, and Sixth Sessions of the Fifty-sixth Annual 
Meeting of the Society in Atlantic City, N. J., June 28-30, 1953. The 
purpose of this symposium is to bring together and summarize the existing 
knowledge of metallic materials at low temperatures in an effort to make 
designers and materials engineers more fully cognizant of the joint réle 
played by metallurgical and mechanical factors and their influence on the 
behavior of metals at low temperatures. The papers presented in these five 
sessions encompass the following subjects: the evaluation of brittle failures 
in ships and engineering structures; criteria of metal behavior for design 
engineers; metallurgical and mechanical factors; significance and reliability 
of notch toughness tests; and certain aspects of current research, including 
new data on titanium. 

The following papers were presented: 


Introduction—A. L. Tarr ; 
Brittle Failure in Ships and Other Steel Structures—K. K. Cowart 
Analysis of Brittle Behavior in Ship Plates—M. L. Williams 


than Ships—M. E. Shank 

Interest of the Army in Brittle Failures—T. T. Paul 

Theory of Brittle Fracture and Criteria for Behavior at Low Temperatures— 
E. R. Parker 

Brittle Fracture—S. L. Hoyt 

Metallurgical Aspects of Low-Temperature Behavior in Ferrous Materials— 
C. H. Lorig 

Fundamentals of Fracture in Metals—M. Gensamer 

The Effects of Size Upon Fracturing—G. R. Irwin 

Brittleness, Triaxiality, and Localization—W. P. Roop 


Rinebolt 
Evaluation of the Significance of Charpy Tests—William S. Pellini 


Hurlich 
Notch Bend Tests for Evaluating the Properties of Weldments—R. D. Stout 
Reproducibility of Keyhole Charpy and Tear-Test Data on Laboratory 

Heats of Semikilled Steels—R. H. Frazier, J. W. Spretnak, and F. W. 

Boulger 
Effect of Specimen Preparation on Notch-Toughness Behavior of Keyhole 
Charpy Specimens in the Transition Temperature Zone—R. W. Vander- 
beck, R. W. Lindsay, H. D. Wilde, W. T. Lankford, and S. C. Snyder 


A Critical Survey of Brittle Fracture of Carbon Plate Steel Structures Other 7 


Effect of Metallurgical Structures on the Impact Properties of Steels—J. A. _ 


Significance of V-Notched Impact Test in Evaluation of Armor Plate—A. © 
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High Speed Motion Picture Study of Impact Test—H. L. Fry 
Low Temperature Impact Properties of Titanium—David E. Driscoll 
Effect of Impact Properties of Quenched and Tempered Steels—H. Schwartz- 
bart and J. P. Sheehan 
The Notched Bar Impact Properties of Tempered Martensite in Medium 
Carbon, Medium Alloy Grades of Steel—M. Baeyertz, W. F. Craig, Jr., 
and J. P. Sheehan 
Brittleness of Steels at High Hardness Levels—Sam Tour 
Notch Sensitivity of Steels—E. J. Ripling 
_ Effect of Carbon and Nitrogen on the Tensile Deformation of High-Purity 
Iron at 27 C and at —196 C—Lewis D. Hall 
Tension Impact Strength and Strain Distribution at Room and Sub-Zero 
Temperatures of Stainless and Other Steels—C. R. Mayne, V. N. Krivo- 
bok, and C. W. Muhlenbruch 
Low Temperature Toughness of Flake and Spheroidal Graphite Cast Irons— 
J. S. Vanick 
Ductile and Brittle Failure in Ferritic Nodular Iron—G. N. J. Gilbert 
The Low-Temperature Properties of Cast Iron—G. N. J. Gilbert 
Impact Properties of Ferritic Ductile Iron—R. W. Kraft 


These papers together with discussions are issued as ASTM Special Techni- 
cal Publication No. 158 entitled “Symposium on Effect of Temperature on 
the Brittle Behavior of Metals with Particular Reference to Low Tempera- 
tures.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
TECHNIQUES FOR ELECTRON METALLOGRAPHY 


At the Thirteenth and Seventeenth Sessions of the Fifty-sixth Annual 
Meeting of the American Society for Testing Materials held on June 30, 
1953, in Atlantic City, N. J., Committee E-4 on Metallography sponsored 
a Symposium on Techniques for Electron Metallography. 

The purpose of this symposium was to present examples of techniques in ~ 
common use or of potential value, in the hope that increased interest in the 
application of electron malerescopy to metallurgical problems will result. 

The following papers,' with their discussions, are issued as ASTM Speci : 
Technical Publication No. 155 entitled “Symposium on Techniques for 
Electron Metallography.” 


Introduction—C. M. Schwartz 

Techniques Used in Electron Microscopy of Aluminum Alloys—M. S. Hunter 
and F. Keller 

Techniques for the Study of Precipitated Carbides—W. D. Forgeng and John 
L. Lamont 

Inorganic Replication: Interpretation of Electron Micrographs—C. J. Calbick — 

Electron Microstructure of Steel by “Extraction Replica” Technique—R. M. 
Fisher 

Metal Shadowing for Contrast Enhancement—Comparison of Shadow Metal 
and Shadow Angle—D. M. Teague 

Specimen Polishing Techniques for Electron Metallography of Steel—W. L. 7 
Grube and S. R. Rouze 

Techniques That Permit Successive Examination of Specific Areas by Elec- 
tron Microscopy—T. A. McLauchlin 

Replica Washing Methods—Ernest F. Fullam 

Application of New Etchants for Delineation of Fine Structure in Steel— 
A. E. Austin 

Positive versus Negative Plastic Replicas—C. M. Schwartz 


1 Another paper entitled ‘‘Determination of Surface Properties for Eutectoid Steel and Iron as Prepared 
by the Conventional Metallographic Techniques of Abrading, Mechanical Polishing, and Chemical Etching,” 
y C. F Tufts was presented at this Symposium and will be published separately at a later date. 
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SOME EFFECTS OF THE GRADING OF SAND ON MASONRY MORTAR* 


By C. C. Connor! 


_4 {iy 


The effect of 22 masonry sands upon the workability of their mortars and 
the influence of 13 of these sands upon the amount of cracking that occurred 
between brick and mortar at existing buildings were studied. All of the mor- 


_ tars were high-lime mortar mixes, and the measurements of mortar joint 


cracking were made at building units where the conditions were uniformly 
favorable to low percentages of joint cracking. The data indicated that a 
sand, to produce highly workable mortars, should have sieve fractions which 
increase progressively by liberal amounts from coarse to fine up to and in- 
cluding the No. 30 to No. 50 sieve fraction, an amount retained on the No. 16 
sieve less than 25 per cent, an amount retained on the No. 30:sieve less than 
50 per cent, and no excessive concentration of material passing the No. 50 
sieve. The percentages of mortar joint cracking varied widely. Low per- 
centages occurred consistently where the sands produced highly workable 
mortars and had less than 25 per cent passing the No. 50 sieve. 

Grading requirements are suggested for masonry sands based upon the 


_ percentages in the various sieve fractions and upon limitations in certain 


fractional divisions. These suggested requirements apparently provide an : 
improved method of judging the suitability of sands for masonry mortar. 


Every competent mason knows that 
the quality of the sand exerts an impor- 
tant influence upon the workability of 
the mortar. Most masons have struggled 
with mortars made harsh and unwork- 
able by poor sands, and have experienced 
the change in the same mortar mixes to 
smooth and workable mortars whenasand 
with workable characteristics was used. 
But neither the mason nor the engineer 
has’any means of judging with certainty 
what the effect a given sand will have on 
the workability of a mortar mix, nor can 
either consistently select the best sand 
for workability from the samples of sev- 


* Presented at the re. sixth Annual Meeting of the 
Society, jane 1953. 

1 Building Inspec' and Maintenance Engineer, 
New Jersey Bell _ Co., Newark, N. J. 


eral. Moreover, there is a growing 
amount of evidence that certain sands 
which produce mortars with excellent 
workability in good mortar mixes are 
associated with high percentages of mor- 
tar joint cracking. Unquestionably, a 
good mortar must have the capacity to 
form complete bonds with the masonry 
units and maintain those bonds for the 
life of the masonry. 

It has been widely recognized that the 
grading of the aggregate has an effect 
upon workability. Furnas (1)? pointed out 
the importance of the relationship be 
tween workability and the grading of 
concrete aggregates and suggested that 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 945. 
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“particles of the next size smaller than 
the largest may be expected to act as ball 
_ bearings, and so on down the line of 
sizes.” Anderegg (2) stated that “work- 
ability depends upon the water and the 
grading of the whole system, including 
the cementing material.” He also stated, 
“the workability depends upon the pres- 
ence of a sufficient number of ball bear- 
ings of suitable size distribution.” 

The purpose of this investigation was 
to study various masonry sands and their 
mortars and, if possible, to determine the 
following: 

1. The relationship, if any, of the sieve 
analysis of the sand to the workability 
of the mortar. 

2. The relationship, if any, of the sieve 
analysis of the sand to the amount of 
cracking that occurs between the brick 
and the mortar joints in existing build- 
ings after a period of exposure. 

3. The sieve analysis requirements for 
sands which, in a good mortar mix, would 
produce mortars with good workability 
and with the capacity to form complete 
and durable bonds with brick having 
properties favorable to such bonds. 

This investigation is an outgrowth of 
two previous field studies (3, 4). One of 
these studies covered the separation 
cracking or mortar joint cracking which 
occurred in existing buildings; the other 
covered factors in the moisture resistance 
of brick masonry walls. It was established 
in those studies that the amount of mor- 
tar joint cracking was closely associated 
with leaks in brick masonry walls. Sand 
did not appear as a definite factor in 
moisture resistance because good sands 
were used in the great majority of the 
building units studied. However, the pos- 
sible influence of sand was commented 
upon. 

In recent years a considerable number 
of different sands have been used in the 
building units constructed in the con- 
tinuation of the test program of buildings 
specially designed for moisture resist- 
ance, the first part of which was reported 
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on in one of the previous papers (4). It 
soon became evident that the various 
sands affected the workability of the mor- 
tars and also that they had a very con- 
siderable influence upon the amount of 
mortar joint cracking that occurred. 
Since the first test building, a total of 113 
building units were constructed during 
the fourteen year period up to 1952. Only 
five have leaked, but the leaks at three 
units were apparently attributable to 
the sand used; and thesand wasacontrib- 
uting factor in the leaks at another. 
The higher percentages of mortar joint 
cracking apparently caused by poor sands 
at a number of other building units fur- 
ther indicated the hazard of their con- 
tinued use. Sa 


Sands Studied: 


Twenty-two widely used masonry 
sands were included in the study. All 
were natural sands from pits, and all 
were washed except one, sand No. 9. 

Sieve analyses were made of all sands 
in accordance with the ASTM standard 
method of test.* Some of the sieve analy- 
ses were made by commercial labora- 
tories on submitted samples, and others 
were made by the author on job samples 
or samples from the sand pits. Sand No. 6 
was a Potomac River sand used in tests 
at the National Bureau of Standards. Its 
sieve analyses were taken from various 
published papers (5 to 8) where the analy- 
ses were made in the course of the tests 
reported upon. The sieve analysis for 
each sand as given in Table II is the aver- 
age of all available sieve analyses for that 
particular sand where reported in terms 
of the present standard set of sieves. The 
sand was analyzed during construction 
for only 14 of the 26 building units 
studied. 

No attempt was made to judge the 
shape of the particles in the various 
sands, but all were somewhat angular. 

3 Standard Method roy roe for Sieve Analysis of Fine 


and Coarse 46), 1952 Book of ASTM 
Standards, Part 3, p. 954. 
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There were four mortar mixes included 
in the study—all high-lime mortars. Meas- 
urements of the mortar joint cracking as- 
sociated with the different mortars were 
made at existing building units. The mor- 
tar mix at 22 of the building units was 
1:1:5 by volume; at two units the mortar 
mix was 1:1:6; at one unit the mortar 
mix was 1:1:4.8, the damp sand volume 
being increased to equal 4.8 volumes of 
dry sand; and at one building unit the 
mortar mix was 1.3:1.5:7. The latter was 
a masonry cement mortar composed of 
cement, normally hydrated lime, and 
sand. The composition of the masonry 
cement given is according to information 
from the manufacturer. In all mortars 
the volumes of sand were measured in a 
damp condition as the sand came from 
piles at the job, but the one noted was 
corrected to dry sand volumes. 


Mortars STUDIED 


Types of Lime Used in the Mortars 
Studied: 


The lime in the mortar at three of the 
building units where cracking measure- 
ments were made was a normal hydrate. 
At 22 of the building units the lime was 
a special hydrate, and at one building 
unit the lime was a quicklime putty. All 
limes, except the quicklime putty, were 
added to the mortar as a dry powder. 

The plasticity of none of the limes was 
measured at the time of use, but tests at 
various times showed that all of the spe- 
cial hydrates used had plasticity meas- 
urements that exceeded 300 when tested 
in accordance with the ASTM standard 
method of test.‘ The plasticity of the 
quicklime putty was apparently high, 
and the plasticity of the normal hydrates 
was probably above average for that type 
of lime. The workability of the mortars 
as judged by masons indicated that the 


4Standard Method of Physical Testing of Quicklime 
and Hydrated Lime (C 110-49), 1952 Book of ASTM 
Standards, Part 3, p. 234. 
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plasticity of the limes used was good i 


n 
all cases. 


Method of Testing Mortars: 


All mortars were judged as to their 
workability by masons on the job with 
the exception of the mortar produced by 
sand No. 6. The judgments of the masons 
were made on the basis of the trowel- 
ability, cohesiveness, and the stickiness 
of the mortars. Trowelability was judged 
by noting the ease with which the mor- 
tars spread and tooled. Cohesiveness was 
judged on the basis of the capacity of the 
mortars to be spread out with the point 
of the trowel without breaking or sepa- 
rating. The stickiness of the mortars was 
judged from the adhesiveness of a thick 
buttering on the end of a brick and the 
manner in which the mortar separated 
from the trowel. A mortar had to be 
satisfactory in all of these tests to be 
given an excellent rating for workability. 
The rating generally was a composite 
opinion of a number of masons. In several 
instances, comparative tests were made 
of different available sands by a master 
mason. In two cases, the mortar with a 
rejected sand was fattened up by reduc- 
ing the amount of sand in the mix until 
it became passably workable. The mortar 
mix at that point was recorded as experi- 
mental information. 

Sand No. 6, the Potomac River sand 
used in tests at the National Bureau of 
Standards, was considered to produce a 
high-lime mortar with excellent work- 
ability, if the lime were plastic, on the 
basis of the information given in the pa- 
pers reporting those tests (5 to 11). 


Measurement of Mortar Joint Cracking at 

Existing Buildings: 

The measurements of mortar joint 
cracking, or separation cracking, were 
made at 46 building units, but the results 
at only 26 are reported. The age of the 
various units ranged from 2 to 24 years. 
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TABLE I—WORKABILITY OF MORTAR wire Yaa SANDS AND ASSOCIATED MORTAR JOINT 


Average Mortar Joint 
Favorable tions* 
Building Nominal | + Mortar 
Sand Unit | | Monat of Vedsed by | _With With 
ani ix y i 
Number ” (Volume) Lime? Masons Smooth h 
Surfaced | Surfaced 
rick, Brick, 
per cent per cent 
1 24 1.3:1.5:7 NH | Excellent 4.8 
Be Geanncavns Good 2 22 1:1:6 NH | Excellent 6.0 
3 22 1:1:6 NH Excellent | 12.3 
Avg. 9.1] Avg. 4.8 
No. 2 Good 4 5 1:1:5 SH Excellent 11.0 
5 4 1:1:5 SH Excellent 9.6 
eae Good 6 ay 1:1:5 SH Excellent | 10.8 
7 15 1:1:4.8° Q Excellent | 10.6 
{3 A ll 1:1:5 SH 9.4 
7 8B il 1:1:5 SH 
9 3 1:1:5 SH 7.1 
i0 “4 | SH nt iy 4.5 
Good il 2 1:1:5 SH Excellent 11.3¢ 
Workable 1:1:5 SH | Good 
Workable 1:1:5 SH Excellent a 
Workable 1:1:5 SH | Excellent | — J 
Workable 1:1:5 SH Excellent f 
Workable 1:1:5 SH Excellent x 
Workable 1:1:5 SH Fair 
12 5 1:1:5 SH Excellent | 22.9 
13 + 1:1:5 SH Excellent | 38.1 
No. 15........] Unsatisfactory* 14 5 1:1:5 SH | Excellent 5.3 
15 4 1:1:5 SH Excellent 8.1 
16 + 1:1:5 SH Excellent 14.2 
Avg. 30.5 | Avg. 9.2 
. 17 4 1:1:5 SH Excellent | 40.7 
No. 16........ Unsatisfactory* {is 3 | SH | Excellent | 20.7 
Avg. 30.7 
Unsatisfactory* 19 5 1:1:5 SH | Excellent 56.5 
20A 11 1:1:5 SH Poor 14.8 
Unsatisfactory {3 B 11 1:1:5 SH Poor 36.0 
Avg. 25.4 
No. 19........] Unsatisfactory* 21 11 1:1:5 SH Fair? 7.0 
22 5 1:1:5 SH Poor 15.0 
23 11 1:1:5 SH Poor 26.0 
Avg. 26.0 | Avg. 11.0 
Unsatisfactory* 24 4 1:1:5* SH | Poor 18.9! 
Unsatisfactory 1:1:5” SH Poor 


* Brick with rate of absorption between 5 g and 25 g in 1 min and with no loosely sanded surfaces; high-lime mortar 
coeeanas lime of good plasticity and showing no evidence of over sanding; concave tooled mortar joints; workmanship 
apparently 

Ty of lime: NH-normal hydrate; SH-special hydrate; Q-quicklime. 
© Volumes of dry sand. 
Potomac River sand. Gave results and excellent workability in high-lime mortars containing plastic limes in 
tests at the National Bureau of Standards. No mortar joint cracking measurements. 
* With loosely sanded brick. Lowest cracking with this unfavorable condition. 
No mortar joint cracking record under favorable conditions in buildings two years old or more. _ 

Tested by master mason but not used. 7 

’ Produc mortars with excellent workability but the associated mortar joint cracking was high. 

* Poor workability mortar unless fattened, and high mortar joint cracking. 

? Mortar fattened. 

* Mortar ad to be fattened to a 1:1:4.4 mix to give it workability. 

t Mortar joint cracking with a loosely sanded brick and a fattened mortar. Cracking 38.3 per cent with the same brick 
and a slightly oversanded mortar. 4 ve 

™ Poor workability mortar. Had to be fattened to a 1:1:4 mix to make it poy workable. Rejected for use. 

" Poor workability mortar. Had to be fattened to a 1:1:3.5 mix to make it passably workable. Rejected for use. : 


| | 


At some of the buildings, different walls 
had face brick with dissimilar character- 
istics, and these were classed as separate 
building units. All walls were integral and 
12 in. thick. All of the building units were 
subject to the severe exposure charac- 
teristic of a seashore state, and the range 
of temperature was wide. 

It has been established that the 
amount of mortar joint cracking is in- 
fluenced by characteristics of the mortar 
as well as the brick (3, 4). The amount of 
mortar joint cracking associated with the 
various sands, therefore, was used as a 
measure of the suitability of the sands 
for masonry mortar. 

The gathering of truly significant data 
from the field to evaluate the influence of 
one particular factor is difficult because 
of the number of factors involved in the 
construction of brickwork. To compare 
properly the effect of different sands 
upon mortar joint cracking, it was neces- 
sary that all of the other factors be the 
same, or at least uniformly favorable to 
low percentages of cracking. Therefore, 
all the measurements from building units 
where any known unfavorable factor oc- 
curred were eliminated from statistical 
consideration, except in two cases as 
noted. 

The following conditions were con- 
sidered unfavorable to low percentages 
of mortar joint cracking: Brick with a 
rate of absorption above or below the 
range of 5 g to 25 g of water absorbed in 
1 min. when the dried brick was set flat 
side down in § in. of water; mortar joint 
tooling other than concave; brick with 
loosely sanded surfaces; oversanded mor- 
tar; and poor workmanship. Evidence 
that the first two conditions listed in- 
creased the mortar joint cracking has 
been presented (3, 4), and a consider- 
able number of measurements have indi- 
cated that the other conditions have a 
similar unfavorable effect. 

Twenty-four of the building units were 
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free from conditions unfavorable to low 
mortar joint cracking; but measurements 
were reported from two additional build- 
ing units where the brick had loosely 
sanded surfaces. These measurements 
were significant for two sands, and none 
was available under uniformly favorable 
conditions. 

All the brick in the units had been 
tested for initial rate of absorption ac- 
cording to the ASTM standard method 
of tests’ except at five units where the 
rate of absorption had been tested at the 
exposed face of the brick by the method 
described previously (3). 


Method of Measuring Mortar 
Cracking: 


Joint 


All measurements of mortar joint 
cracking were made in selected panels of 
brickwork and in the same manner as 
described previously. (3). The measure- 
ments were made with a tapeline and 
are approximate only. However, re- 
peated measurements did not vary more 
than 10 per cent. 


DATA 


Table I gives all the data for the study 
except the sieve analyses of the various 
sands which are given in Table II. The 
good sands are those which in field use 
had produced mortars with excellent 
workability as judged by masons, and 
were consistently associated with low 
percentages of mortar joint cracking 
where all the other conditions were fa- 
vorable. The joint cracking accompany- 
ing sand No. 8 may have been adversely 
affected by the loosely sanded surfaces 
of the brick, but the percentage was low. 
Sand No. 6, the Potomac River sand was 
included in this group, although it was 
not used or observed by the author. In 
the masonry research at the National 


* 8Standard Methods of Sampling and Testing Brick 
(C 67 - 50), 1952 Book of ASTM Standards, Part 3, p. 414. 
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Bureau of Standards (5 to 11) it was The workable sands were those which 
judged workable, or produced high flow produced mortars with workabilities 
after suction, in high-lime mortars con- judged to be fair, good, or excellent. None 
taining plastic lime, and produced some of these sands was used in building units 
very impenetrable masonry assemblages. which had exposure periods of as much as 


TABLE II.—SIEVE ANALYSES OF VARIOUS SANDS WITH ASSOCIATED MORTAR JOINT CRACKING. 


| | Average Mortar Joint 
Sieve Analyses Fractions, per cent 'Workabili Crac Under 
Fine- | Sieve or in ty! Favorable Conditions® 
Sand ness si -Lime 
| P — Aver- Da With With 
& No. | No. | No. ‘o. | No. | ing Masons a Surf. 
2 8-16 | 16-30 | 30-50 50-100, No. urfaced 
4 100 Brick, Bri 
per cent per cent 
0.0 | 17.1 | 23.1 | 38.7 | 14.5 | 2.6] 2.50 1 Excellent 9.1 4.8 
0.1 2.0 | 12.4 | 30.0 | 41.1 | 12.1 2.3 2.45 3 | Excellent 11.0 
0.0} 2.5| 9.3 | 28.2 | 52.0) 2.5] 2.44 1 =xcellent 10.3 
0.0} 0.2 6.9 | 24.3 | 51.5 | 14.5 2.6 2.19 3 excellent 9.0 9.4 
0.0} 0.3 9.5 | 27.5 | 42.0 17.9} 2.24 1 excellent 7.1 
0.0} 0.2); 4.4) 18.0 | 57.7 | 16.7 | 2.05 4 xcellent® 
0.0} 4.8 | 23.6 | 47.8 | 21.4) 2.2] 2.08 1 Excellent 4.5 
0.8] 7.8 | 29.8 | 43.4) 14.3| 3.9] 2.26 3 xcellent 11.34 
Avg. 10.1 | Avg. 6.5 
Workable 
Sands* 
0.7 | 9.4] 26.4 | 42.9/ 15.2 | 2.2] 2.38 3 Goo 
No. 10. 0.0; 0.0 7.0 | 26.8 | 47.8 | 16.3 2.1 2.20 1 Excellent , 
No. 11 0.0; 0.2 7.9 | 32.1 | 42.5 | 15.0) 2.3 2.29 3 Excellent 
No. 12 0.0; 0.1 3.3 | 30.6 | 50.0 | 14.4 1.6 | 2.20 2 excellent 
No. 13 0.1 | 3.2 | 10.0 | 21.4 | 43.3 | 18.6) 3.4 | 2.26 3 Excellent 
No. 14 0.0} 3.2 | 11.9 | 31.7 | 34.5 | 13.1 | 5.6 | 2.41 1 ‘air 
— 
Sands! 
No. 15? 0.1} 0.8 | 8.1] 21.0 | 30.4 30.3) 1.91 4 Excellent 30.5 9.2 
No. 169 0.0} 1.4] 10.5 | 21.0 | 30.4 | 24.6 | 12.1 | 1.97 + Excellent 30.7 
No. 179 0.4 2.6 | 4.8] 18.4 | 45.7 | 23.8 | 4.3 1.95 1 Excellent 56.5 
No. 18 0.0; 4.8] 14.9 | 29.6 | 25.0 | 16.2 9.5 2.39 1 Poor 25.4 
No. 19..... 1.2 | 4.7 | 10.2 | 52.0 | 24.3 | 5.7 1.9 | 2.82 1 Poor 26.0 11.0 
No. 20 0.0 | 0.5 | 18.9 | 32.3 | 36.1 | 10.8) 1.4 | 2.58 2 Poor 
No. 21° 0.0} 1.2] 9.1] 52.5 | 28.3/| 5.9] 3.0) 2.62 1 Poor 
No. 22* 0.0} O.1 | 18.4 | 56.0 | 25.1 | 0.94 1 Poor 
Avg. 33.8 | Avg. 10.1 


* Brick with rate of absorption between S g and 25 g in 1 min and with no loosely sanded surfaces; high-lime mortar 
cutsnins lime of good plasticity and showing no evidence of oversanding; concave tooled mortar joints; workmanship 
apparently 

® Produced workable mortars and low joint cracking in field use. _ , 

© Potomac River sand. Gave good results and excellent workability in high-lime mortars containing plastic limes in 
tests at the National Bureau of Standards. No mortar joint cracking measurements. 

4 With loosely sanded brick. Lowest cracking with this unfavorable condition. 

* Produced mortars with good workability, but not used under favorable conditions at buildings with an exposure 
period long enough to insure significant mortar joint cracking measurements. 

High mortar joint cracking, or poor workability, or both. | , 

? Produced mortars with excellent workability, but the associated mortar joint cracking was high. 

+ Mortar joint cracking with loosely sanded brick and a fattened mortar was 18.9 per cent. Cracking was 38.3 per 
cent with the same brick and a slightly oversanded mortar. 

* Produced mortar of poor workability unless excessively fattened. Rejected for use. 


Many of the test assemblages were very two years where the conditions were uni- 
resistant to water penetration after 1 to formly favorable. Sand No. 14 was tested 
3 years’ exposure (10), indicating that but not used. 

low percentages of mortar joint cracking The unsatisfactory sands produced 
were probable. mortars of poor workability or were as- 
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sociated with high percentages of mortar sieves to the fraction between the Nos. 
joint cracking. Sands Nos. 18, 19,.and 20 16 and 30 sieves for the various sands. 
were unsatisfactory on both counts. It also gives the percentages retained on 
Table IT gives the sieve analyses of the the No. 16 and on the No. 30 sieves, and 
various sands, their fineness moduli, the the percentage passing the No. 50 sieve 
TABLE III—SIGNIFICANT SAND GRADING RELATIONSHIPS AND DIVISIONS WITH ASSOCIATED 
MORTAR JOINT CRACKING. 
Avei Mortar Joint 
Sieve Analysis Fractions, per cent in; Un 
Favorable Conditions*® 
Workability 
Fine- | in High- 
Excess of ness Lime 
jus udged 00 
Fraction Masons | Surfaced | Surfaced 
over the | no 16 No. 30 “ Brick, Brick, 
No. 16-30 percent | percent 
Fraction 
67.5 21.1 | 44.2 | 17.1 | 2.50 | Excellent 9.1 
37.0 14.5 | 44.5 | 14.4 | 2.45 |E t 11.0 
84.4 11.8 | 40.0 | 8.0 | 2.44 | Excellent 10.3 
111.9 7.1 | 31.4 | 17.1 | 2:19 | Exce 9.0 
52.7 9.8 | 37.3 | 20.7 | 2.24 | Excel 
220.6 4.6 | 22.6 | 19.7 | 2.05 | Excellent 
102.5 5.0 | 28.6 | 23.6 | 2.08 | E 
45.6 8.6 | 384 | 18.2 | 2.26 | E 11.34 
Avg. 10.1 | Avg. 
13.3 | 39.7 | 17.4 | 2.38 | Good 
7.0 33.8 18.4 2.20 | Excellent 
8.1 | 40.2 | 17.3 | 2.29 | Excellent 
3.4 34.0 16.0 2.20 | Excellent 
13.3 34.7 22.0 2.26 | Excellent 
15.1 | 46.8 | 18.7 | 2.41 | Fair 
9.0 | 30.0 | 39.6 | 1.91 | Excellent 30.5 
11.9 | 32.9 | 36.7 | 1.97 | Excellent 30.7 
7.8 26.2 28.1 1.95 | Excellent 56.5 
19.7 | 49.3 | 25.7 | 2.39 | Poor 25.4 
16.1 | 68.1 | 7.6 | 2.82 | Poor 26.0 
19.4 | 51.7 | 12.2 | 2.58 | Poor 4 
10.3 | 62.8 | 8.9 | 2.62 | Poor 
0.1 | 0.5 | 81.1 | 0.94 | Poor 
Avg. 33.8 | Avg. 10.1 


* Brick with rate of absorption between 5 g and 25 g in 1 min and with no loosely sanded surfaces; high-lime mortar 


containing lime of good plasticity and showing no evidence of 
apparently 
> Produced workable mortars and low 


int cracking in fi 


© Potomac River sand. Gave good results and excellent workability in high-lime mortars containing plastic limes in 


at the National Bureau of Standards. No mortar joint 
With loosely sanded brick. Lowest cracking with this u 
* Produced mortars with good workability, but not used 
period long enough to insure significant mortar joint crackii 
High mortar joint cracking, or poor workability, or bo’ 


tests 


? Produced mortars with excellent workability, but the associated mortar joint cracking was high. 
* Mortar joint cracking with loosely sanded brick and a fattened mortar was 18.9 per cent. Cracking was 38.3 per cent 


with the same brick and a slightly oversanded mortar. 


* Produced mortar of poor workability unless excessively fattened. Rejected for use. 


workability of their mortars, and the 
associated mortar joint cracking with 
smooth surfaced and rough surfaced 
brick. 

Table III gives the relationship of the 
fraction between the Nos. 30 and 50 


vy = 


measurements. 
th. 


oversanding; concave tooled mortar joints; workmanship 
eld use. 
cracking measurements. 


nfavorable condition. 
under favorable conditions at buildings with an exposure 


to show the amount of very coarse, 
coarse, and very fine particles in each 
sand. The fineness moduli, the work- 
ability produced by the various sands in 
mortars, and the associated mortar joint 
cracking are repeated for easy reference. 


= 


DISCUSSION OF DATA 


Influence of Sand Grading Upon Mortar 
Workability: 

Sands Nos. 1 to 17 inclusive produced 
workable mortars. The most obvious fact 
in the sieve analyses of these sands is that 
each fractional division between sieves 
is exceeded by the next finer sieve frac- 
tion down to and including the fraction 
between the No. 30 and No. 50 sieves. 
In the five unsatisfactory sands which 
failed to produce workable mortars, the 
increase in the amount of the fractions 
stopped short in three cases at the frac- 
tion between the Nos. 16 and 30 sieves. 
Apparently there were different causes 
for the lack of workability in sands Nos. 
20 and 22, as will be discussed later. The 
progressive increase of the fractional divi- 
sions between sieves down to and includ- 
ing the No. 30 to No. 50 fraction appears 
to be the primary factor in the grading 
of the sands that produced workable 
mortars. 

This progressive increase in fractional 
divisions is what might be expected from 
a system of roller bearings where theo- 
retically each large particle in the No. 8 
to No. 16 sieve fraction would be sur- 
rounded by particles from the next finer 
sieve fraction, and these in turn would 
each be surrounded by the still smaller 
particles from the No. 30 to No. 50 sieve 
fraction. The diminishing amount pass- 
ing the No. 50 sieve indicates that these 
particles were not primary roller bearings 
in the system although they probably 
had some roller bearing effect. Appar- 
ently they also acted as void fillers. It is 
not likely that a theoretically perfect 
roller bearing system ever exists in an 
ordinary mortar mix. 


Relationship of the No. 30 to No. 50 Sieve 
Fraction to the Next Coarser Fraction: 


Just how much each sieve fraction 
should exceed the next coarser fraction 
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in a workable sand is a difficult question, 
and apparently there are other factors in 
the sand grading that exert an influence 
on workability. 

Sands Nos. 14 and 20 help to establish 
some of the limits in satisfactory grading. 
Sand No. 14 was a borderline sand. It 
was fairly workable, but produced a mor- 
tar of the stiffer type needed for very 
thick joints and developed considerably 
less workability in a mason’s test than 
sands Nos. 13 and 15. Sand No. 20 is 
definitely on the unsatisfactory side. Its 
mortar had to be fattened by reducing 
the amount of sand to a 1:1:4.4 mix to 
produce good workability. In both these 
sands the sieve fractions increased stead- 
ily, and the fraction betwcen the No. 30 
and the No. 50 sieves was larger than the 
next coarser fraction, but by small per- 
centages. The No. 30 to No. 50 sieve 
fraction in sand No. 14 exceeded the next 
coarser fraction by only 8.8 per cent, and 
in sand No. 20 the excess was only 11.8 
per cent. The next lowest percentage of 
excess in the very workable sands was 
32.4 per cent, and the percentages ranged 
upward to 220.6 per cent. A sand, to 
produce a highly workable mortar, ap- 
parently should have a No. 30 to No. 50 
sieve fraction which exceeds the No. 16 
to No. 30 sieve fraction by an amount 
considerably greater than the 11.8 per 
cent excess for sand No. 20. 


Influence of the Amount of Coarse Mate- 
rial in the Sand on Mortar Workability: 


The workability of the mortars pro- 
duced by sands Nos. 14 and 20 seems to 
have been influenced also by the amount 
of coarse material retained on the No. 30 
sieve. The 46.8 per cent for sand No. 14 
and 51.7 per cent for sand No. 20, are 
higher than for any sand that produced 
highly workable mortars. Sand No. 14 
squeezed by in a 1:1:5 mortar mix with 
fair workability, but the mortar with 
sand No. 20 apparently had particle in- 
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terference unless the proportion of the 
cementitious material was increased by 
reducing the amount of sand in the mix. 

The unsatisfactory sands Nos. 19 and 
21 had 68.1 per cent and 62.8 per cent, 
respectively, retained on the No. 30 sieve. 
The mortar with sand No. 19 was rated 
as having fair workability at one build- 
ing unit, but at two others the mortar 
workability was rated as poor. The mor- 
tar with sand No. 21 had to be fattened 
to a 1:1:4 mix before it could be troweled 
with reasonable facility. Both of these 
sands were very coarse, and their No. 30 
to No. 50 sieve fraction was much smaller 
than the next coarser fraction. The re- 
sult in a 1:1:5 mortar was poor work- 
ability for both sands. The unsatisfac- 
tory sand No. 18 had 49.3 per cent re- 
tained on the No. 30 sieve. It produced a 
mortar of poor workability, but it also 
had a deficiency in the No. 30 to No. 50 
sieve fraction. 

Sand No. 14, with 46.8 per cent, had 
the highest percentage retained on the 
No. 30 sieve of any sand which produced 
reasonably workable mortars. Judging 
from the percentages shown in Table ITI, 
it appears that the amount retained on 
the No. 30 sieve should not exceed 50 per 
cent if the sand is to produce a workable 
mortar. This estimated percentage may 
be too high, but if the No. 30 to No. 50 
sieve fraction provides a liberal excess 
over the next coarser fraction, mortar 
workability might be achieved with this 
percentage, as is indicated by sand No. 2. 
This sand had 44.5 per cent retained on 
the No. 30 sieve, and the excess of the 
No. 30 to No. 50 sieve fraction over the 
next coarser fraction was 37.0 per cent. 
The workability of this mortar was one 
of the best, and apparently indicated 
that the amount of coarse material re- 
tained on the No. 30 sieve could be in- 
creased somewhat without material dam- 
age to the workability of the mortar. 
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There are no positive indications in the 
data regarding the maximum amount 
that can be retained on the No. 16 sieve 
without harm to workability. The largest 
amount retained was 21.1 per cent in 
sand No. 1, which produced mortars of 
excellent workability. However, the total 
of the percentages between sieves in a 
sieve analysis is inelastic, and it would be 
difficult to obtain a distribution of par- 
ticle size which would permit the amount 
retained on the No. 16 sieve to exceed 
25 per cent and retain the progressive 
increase in each sieve fraction up to and 
including the No. 30 to No. 50 sieve frac- 
tion with the percentages of increase in 
each fraction apparently required for 
mortar workability. And at the same 
time, the amount retained on the No. 30 
sieve apparently should not exceed 50 per 
cent. It is generally conceded that a sand 
with too much very coarse material will 
not produce a mortar with good work- 
ability. In the grading requirements sug- 
gested later in Table IV, the maximum 
amount permitted to be retained on the 
No. 16 sieve is 25 per cent. This is ad- 
mittedly an estimate not fully supported 
by the data, but is probably close to the 
top limit for a good masonry sand. 


Influence of an Excess of Fine Material on 

W orkability: 

It is apparent that a sand can have 
such an excess of fine material that it 
reduces the workability of the mortar. 
Sand No. 22 was such a sand, and the 
mortar with this sand had to be fattened 
to a 1:1:3.5 mix before it was usable. 
This sand resembled an asphalt sand, and 
was one of the type known to masons as 
“dead” sands. Its mortar was never bet- 
ter than passably workable even when 
fattened, although it has had consider- 
able use in masonry construction. The 
amount passing the No. 50 sieve was 81.1 
per cent which compares with 39.6 per 
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cent, the next highest for any of the 
sands which produced workable mortars. 


Influence of Sand Grading on Mortar 
Joint Cracking: 


A major criterion of a good masonry 
mortar is its capacity toform and maintain 
complete bonds with the masonry units. 
An examination of the data in the tables 
shows that all of the low percentages of 
cracking under 12 per cent were asso- 
ciated with sands producing mortars with 
excellent workability. It is logical to 
assume that a mortar must be workable 
to produce the complete contact and high 
extent of bond necessary for durable 
bonds, and this is borne out by the data. 

The fact, however, that a sand will 
produce a workable mortar with plastic 
cementitious material is not a positive 
indication that it will produce durable 
bonds, as illustrated by sands Nos. 15, 
16, and 17. These sands were exceptional 
in the amount passing the No. 50 sieve, 
as shown in Table III. With smooth sur- 
faced bricks they were consistently asso- 
ciated with high percentages of mortar 
joint cracking. The amount passing the 
No. 50 sieve in these sands varied from 
28.1 to 39.6 per cent. These high percent- 
ages apparently contributed to the work- 
ability of the mortars, but the associated 
mortar joint cracking was a great deal 
higher than with any of the other sands 
which produced workable mortars. In 
the other workable sands, the highest 
percentage passing the No. 50 sieve was 
23.6 per cent. 

Sands Nos. 15, 16, and 17, under favor- 
able conditions, showed no serious joint 
cracking in less than six months. The 
high percentages of cracking developed 
later at some unknown time. In two 
cases it was discovered in less than two 
years, but on two sheltered walls at 
building unit No. 17 it required over 
three years to develop. The apparent 


cause of the high percentages of mortar 
joint cracking was volume change subse- 
quent to the hardening of the mortar. 
The increased number of cementitious 
coatings around the fine particles may 
have increased this type of volume 
change. 

It may well be significant that con- 
cretes containing fine aggregate from the 
same source as the fine sand No. 16 have 
shown a decided tendency to surface 
craze and develop serious cracks in walls, 
slabs, and cement finish; while there has 
been a noteworthy minimum of cracks 
and crazing in concretes where the fine 
aggregates were from the same sources 
as the good sands Nos. 1, 2, 4, and 13. 


Significant Comparisons of Mortar Joint 
Cracking Accompanying Good and Un- 
satisfactory Sands: 


The best comparison between the vari- 
ous sand gradings is furnished by the 
average mortar joint cracking which oc- 
curred with smooth surfaced brick where 
all other conditions were favorable to 
low percentages of cracking. As shown in 
Tables II and III, the average joint 
cracking with smooth surfaced bricks for 
sands in the unsatisfactory group was 
33.8 per cent as compared with the aver- 
age cracking of 10.1 per cent accompany- 
ing the good sands. It seems significant 
that the differences in mortar joint crack- 
ing occurred consistently with certain 
obvious differences in the grading of the 
sand. 

Rough surfaces on brick evidently ex- 
erted considerable restraint on the de- 
velopment of mortar joint cracking, but 
the average cracking was considerably 
lower with good sands than with unsatis- 
factory sands. It is doubted, however, 
that this is necessarily significant. 

While the mortar joint cracking at 20 
buildings was not reported because other 
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factors increased the cracking and ob- 
scured the effect of the sand, the average 
joint cracking with unsatisfactory sands 
was 27.8 per cent, which compares with 
19.9 per cent for the good sands. 

Perhaps the best illustration of the 
detrimental effect of an unsatisfactory 
sand grading was the difference in mortar 
joint cracking at building units Nos. 8B 
and 20B where all conditions were prac- 
tically identical except for the sand used. 
The mortars were the same mix and con- 
tained the same brand of pressure hy- 
drated lime. The bricks were identical 
in make and tested almost the same for 
rate of absorption. At building unit No. 
8B, sand No. 4 was used, and the mortar 
joint cracking was 9.0 per cent. At build- 
ing unit No. 20B, the unsatisfactory sand 
No. 18 was used, and the mortar joint 
cracking was 36.0 per cent, or four times 
as great. Workmanship was approxi- 
mately equal, and in both cases the walls 
were sheltered court walls. There was no 
apparent explanation for the great dif- 
ference in joint cracking except the grad- 
ing of the sand. 
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Fineness Modulus: 


The fineness modulus for each of the 
various sands has been given in Tables IT 
and III as a matter of information. Sev- 
eral of the best sands have a fineness 
modulus lower than generally regarded 
as acceptable for masonry mortars. Sand 
No. 18 had an acceptable fineness modu- 
lus, but produced a mortar of poor work- 
ability and was associated with high per- 
centages of mortar joint cracking. 


Effectiveness of the Standard Grading Re- 
quirements for Masonry Sands: 


It is interesting to examine how the 
sands studied would have fared if judged 
by the ASTM standard specifications for 
aggregate for masonry mortars.® Sands 

* Tentative Specification for Aggregate for Masonry 


Mortar*(C 144 - 52), 1952 Book of ASTM Standards, Part 
3, p. 377. 


~ 
943 

Nos. 2, 3, 4, and 6 would not have passed 
the standard grading requirements, yet 
they all have excellent results. Sand No. 
2 was lacking in fines, and sands Nos. 4 
6 had too much in one sieve fraction. 
Sand No. 3 failed on two counts. It was 
very deficient in fines and violated the 
maximum permitted for the fraction be- 
tween the No. 30 and No. 50 sieves. Yet 
it was the preferred sand of several ma- 
sons, made highly workable high-lime 
mortars, and produced three moisture- 
proof building units where the cracking 
between brick and mortar was low. The 
unsatisfactory sand No. 18 would easily 
have passed the standard specification 
requirements, but it was associated with 
high percentages of mortar joint cracking 
and produced mortars of poor worka- 
bility. 


Suggested Grading Requirements for Ma- 
sonry Mortar Sands: 


To set up new grading requirements 
for masonry sands from the sieve analy- 
ses and the workability of the mortars 
produced by 22 sands and from the mor- 
tar joint cracking that occurred with 13 
is hazardous. But when there is evidence 
that the accepted requirements may re- 
ject excellent sands and pass unsatis- 
factory ones, a new approach is justified. 
Tentative grading requirements based 
upon field performance and a common 
sense concept of the roller-bearing and 
void-filling action of the particles of sand 
in the fractions between successive pairs 
of sieves as set forth in Table IV are 
therefore suggested for consideration. 
These grading requirements have proved 
to be of value in selecting sands for mor- 
tars used in field construction, but need 
further confirmation. 

The suggested requirements for the 
grading of sands for masonry mortar are 
drawn exclusively from data on natural 
pit sands. Some of the percentages are 


admittedly estimates, but the major re- 
- quirements are indicated by the data. 
Natural sands tend to be rounded and 
_ probably produce more workability than 
manufactured sands made by crushing 
stone or gravel. Whether or not manu- 
factured sands would require the same 
gradings as pit sands is not known. 


TABLE IV.—SUGGESTED GRADING 
MENTS FOR MORTAR SAND 


Fractional Divisions from Minimum |Maximum 
Sieve Analysis Per cent | Per cent 
Retained 0 1.0 
Amount between No. 4 and No. 8..| 0 ys 
Amount between No. 8 and No. 16.| 3.0% 20. 
Amount between No. 16 and No. 30.| 15.0° 4] 35.0¢ 
t between No. 30 and No. 50.| 30.0/ 60.07 
Amount between Ho. 30 and No. 100} 5.0* 24.0. 
Amount passing No. 100........... 1.0 10.0* 


* The amount between the No. 8 and No. 16 sieves shall 
be gt least double the amount retained on the No. 8 sieve. 
The amount retained on the No. 16 sieve shall not ex- 

ceed 25 per cent. 

© The amount retained on the No. 30 sieve shall be not 
less | than 20 per cent. 

4 The amount between the No. 16 and No. 30 sieve 
shall —— the amount between the No. 8 and No. 16 
sieve b not less than 25 per cent. 

a retained on the No. 30 sieve shall not 
cxeged 50 per 
Tho cocunt — the No 30 and No S0 sieves shall 
exceed the amount between the No. 16 and No. 30 sieves 
by not less than 15 per cent, and preferably by more than 
30 per cent. 
® The amount between the No. 16 and No. 50 sieves 
one 30 not exceed 82 per cent. 
The amount between the No. 50 and No. 100 sieves 
shall exceed the amount passing the No. 100. 


* The amount passing the No. 50 sieve shall not exceed 
25 per cent. 


SUMMARY AND CONCLUSIONS 


This paper records the sieve analyses 
of twenty-two sands used in masonry 
mortar, the workability of the mortars 
produced by these sands as judged by 
masons, and the percentages of mortar 
joint cracking at existing buildings asso- 
ciated with those mortars which were 
used under conditions favorable to low 
percentages of cracking. The data are 
sparse, but it is believed that the follow- 
ing conclusions regarding the sands 
studied are justified under the conditions 
of their use in the mortar mixes and at 
the building units covered in this investi- 
gation. The suggested grading require- 
ments for sands for masonry mortar 
should be regarded as tentative and 
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needing confirmation. The conclusions 
are as follows: 

1. The sieve analyses for all the sands 
which produced mortars of good or ex- 
cellent workability had the following 
characteristics: 

(a) The fractional amount between 
each successive pair of sieves increased 
from coarse to fine up to and including 
the amount between the Nos. 30 and 
50 sieves. 

(b) The fractional amount between 
the Nos. 30 and 50 sieves exceeded the 
amount between the Nos. 16 and 30 
sieves by not less than 32 per cent. 

(c) The fractional amount retained 
on the No. 16 sieve did not exceed 22 
per cent. 

(d) The fractional amount retained 
on the No. 30 sieve did not exceed 47 
per cent. 

2. A heavy concentration in the 
amount passing the No. 50 sieve in one 
sand apparently impaired the workabil- 
ity of the mortar. 

3. All sands which were: associated 
with mortar joint cracking under 12 per 
cent had the sieve analysis character- 
istics of those sands which produced 
highly workable mortars, and, in addi- 
tion, had less than 24 per cent passing 
the No. 50 sieve. 

4. The sands which produced highly 
workable mortars but had more than 28 
per cent passing the No. 50 sieve, were 
associated with high percentages of mor- 
tar joint cracking. 

5. The sands which had sieve analysis 
characteristics different from those given 
in the first conclusion generally produced 
mortars with poor workability, but in 
two instances, a mortar was rated as 
having fair workability. 

6. The average percentage of mortar 
joint cracking which was associated with 
the sands producing poor workability 
mortars or having more than 28 per cent 
passing the No. 50 sieve was more than 


+ 
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three times as great as the average per- 
centage of cracking associated with those 
sands producing highly workable mortars 
and having less than 24 per cent passing 
the No. 50 sieve. 

7. New grading requirements for sands 
for masonry mortar based primarily upon 
the percentages between each successive 
pair of sieves in the sieve analysis are 
given. They apparently constitute an 
improved method of judging the suit- 
ability of sands. 
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DISCUSSION 


Mr. F. O. ANDEREGG! (presented in 
written form).—About 15 years ago Mr. 
Connor showed me what he meant by 
“shrinkage cracking.” Wherever the 
mason had failed to push the mortar up 
against the brick so that a tiny valley 
was left, Mr. Connor called this separa- 
tion “cracking,” marked C in the ac- 
companying Fig. 1. 


1 Consultant, Somerville, N. J. 


More recently, Mr. Connor called such 
an occurrence, which is obviously the 
result of the mason’s technique, “separa- 
tion cracking.” This has probably been 
most of the 10 per cent initial cracking 
he speaks about. However, he has come 
back to the construction project after a 
few years and made his measurements 
over again and reported to me something 
like 40 per cent cracking. He has shown 
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me two instances where the increase is 
apparently due to the development of 
real cracks between bricks and mortars. 
Figures 2 and 3 are photographs taken on 
one of Mr. Connor’s jobs which show 
obvious cracking, X, between bricks and 
mortar. For instance, a crack in a head 
joint will frequently continue across the 
adjacent mortar in the bed joint, and 
even across the bricks themselves, B. 
These cracks have apparently resulted 
from a variety of forces, which are obvi- 


nique of the Mason by Others. 


ously of some magnitude and which have 
placed the interfacial bond layer between 
the bricks, as well as the bricks them- 
selves, under strains greater than they 
could take. These forces include (1) 
differential moisture movement, (2) 
differential thermal movement, (3) wind 
sway, (4) vibrations from passing traffic, 
and (5) possibly some loading within the 
building. The last is probably of little 
importance in the examples cited by Mr. 
Connor. 

About 25 years ago I had the oppor- 
tunity of making a study on the effect 
of aggregate grading on mortar proper- 
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ties? In Table III of that paper the 
results obtained with different continu- 
ous gradings, with an intermittent grad- 
ing, and with Ottawa standard sand are 
given. The last two are gap gradings, 
more or less like those Mr. Connor prefers 
and feels have reduced the cracking 
resulting from differential movements in 
masonry. These two gap gradings showed 
the smallest moisture movements. This 
question of the effect of sand gradings on 
mortar needs more study. 


Fic. 1.—Shadow Lines Marked C Referred to as Shrinkage Cracks by Mr. Connor and as Tech- 


(Courtesy J. M. Hardesty) 


r. C. C. Connor (author’s closure).— 
There is no doubt that the separations 
between brick and mortar increase with 
time under unfavorable conditions. 
Joint cracking as high as 10 per cent 
immediately after the bricks are laid 
is unusual, but with mortars of poor 
workability or brick having a high rate 
of absorption, the cracking may increase 
to as much as 20 per cent within 48 hr. 
Such high early cracking continues to 
grow slowly for a number of years, but if 


2F. O. Anderegg, 
Application of Mathematical Formulas to 
Eng. Chem., Vol. 23, p. 1061 (1931). 
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Fic. 2.—Definite Cracks (X) Between Bricks and Mortar Cross Adjneut Mortar Joints and . 

Pass Through Some of the Bricks. 
(Courtesy J. M. Hardesty) 
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the early cracking is low there is little 
or no growth for many years except 
where the sand contains an excess of 
material passing the No. 50 sieve. 
Mr. Anderegg’s statement that he 


found the smallest moisture movements 
in mortars containing two sands having 
gap gradings somewhat similar to those 
in my paper which were associated with 
low joint cracking may be quite signifi- 
cant. Mortars containing well-graded 
sands apparently require less water to 
produce trowelability satisfactory to the 


Fic. 3.—More Cracks (X) Between a Brick and Adjoinin 
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mason than those with poorly graded 
sands, and a minimum of excess water 
should reduce the initial shrinkage and 
the attendant early cracking. Subsequent 
cracking would be reduced if there were a 


Mortar. 
J. M. Hardesty) 


high extent of bond and a small moisture 
movement. 

Unquestionably the effect of sand 
grading needs more study. There are 
indications that its influence on the 
cracking of concrete is fully as important 
as on mortar. I believe that further re- 
search would be most rewarding. 
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POROSITY DETERMINATIONS AND THE SIGNIFICANCE OF 
PORE CHARACTERISTICS OF AGGREGATES* 


By D. W. Lewss,! W. L. Dotcu,! anp K. B. Woops! _ 


SYNOPSIS 


This paper has been developed from material obtained from a review of the 
literature covering research data collected from the laboratory and the field. 

The historical aspects of the paper include references in the fields of building 
stone, brick, and aggregates used in portland cement concrete. Attention is 
directed toward various methods of test which have been employed for deter- 
mining the characteristics of pores, and emphasis is given to the relationship 
of these characteristics to absorption and degree of saturation of aggregate 
and to the durability of concrete. 

It is concluded that the abundance, shape, size, and continuity of pores 
influence the physical properties and the chemical stability of aggregates and 
control certain durability characteristics of portland cement concrete. It is 
concluded further that there is a definite need for research in connection with 


istics. 


, the development of methods of test for the determination of pore character- 


At the end of the paper is a list of selected references. 


The major purpose of this presentation 
is to review pertinent information on the 
porosity of coarse aggregates used in 
portland cement concrete. The subject 
of aggregate porosity is important, es- 
pecially from the standpoint of concrete 
durability, and is attracting increasing 
attention among concrete technologists. 

This presentation has been developed 
from material available in the literature 
and is divided into two main parts. The 
first of these deals with methods of meas- 
uring porosity and the second with the 
influence of the porosity of coarse ag- 
gregate on the durability of portland 
cement concrete made therewith. 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. : 

1 Research Engineer, Research Assistant, and Asso- 
ciate Director, respectively, Joint Highway Research 
Project, Purdue University, Lafayette, Ind. 
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MEASUREMENT OF POROSITY 


The term pores is used interchangeably 
with voids in this paper and refers to the 
space in the interior of the individual 
piece of aggregate unoccupied by solid 
matter. The term does not refer to the 
space between pieces of aggregate, which 
is the “void space” measured in accord- 
ance with ASTM Method of Test for 
Voids in Aggregate for Concrete 
(C 30 - 37). 

Porosity is expressed either as a ratio 
of the void volume to the bulk volume of 
the aggregate or as a ratio of the void 
volume to the solid volume. The first 
ratio is frequently called the percentage 
porosity and the second, the voids ratio. 


2 1952 Book of ASTM Standards, Part 3, p. 977. 
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The void system of a solid has been 
classified in various ways, for example, on 
a basis of mode of origin, location, or 
shape of the void spaces. The classifica- 
tion of coarse aggregate porosity of most 
interest to the concrete technologist is, 
of course, the one which provides a 
correlation with the durability of 
concrete. 

The size of pores of greatest impor- 
tance is difficult to specify. Correlations 
of porosity of aggregate with durability 
of the concrete—as measured by freezing 
and thawing—have been obtained in- 
volving 4 to 5 u as the critical diameter, 
that is, a relatively large volume of pores 
which are smaller than this figure in any 
given coarse aggregate gives rise to a 
lack of durability of concrete fabricated 
with the aggregate. 

The methods included here for deter- 
mining porosity cover those used on oil- 
bearing rocks, cracking catalysts, ceramic 
materials, hardened portland - cement 
paste, porous glasses, building stone, and 
brick as well as those used in studies 
conducted on coarse aggregates. This de- 
parture from confining the discussion to 
those methods used strictly for ag- 
gregates is required to obtain reasonable 
completeness and implies that some, at 
least, of these methods can be adapted 
to give information useful in the study of 
aggregate porosity. The various tech- 
niques have been divided into three 
classes: (a) those which measure the total 
porosity, (b) those which give a simple 
indication of pore size, and (c) those 
which determine the pore-size frequency 
distribution. 


Methods Which Determine Total Porosity: 


The most frequently used method for 
determining the total porosity of aggre- 
gates involves the determination of 
specific gravities. Definitions of the vari- 
ous specific gravities are given in ASTM 
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Definitions of Terms Relating to Specific 
Gravity (E 12 - 27). By means of sim- 
ple calculations the voids ratio can be 
determined from true and bulk specific 
gravity or from true and apparent 
specific gravity and absorption. 

True specific gravity is determined 
pycnometrically. With relatively large 
samples, the material is powdered and 
the specific gravity is determined by 
ASTM Method of Test for Specific 
Gravity of Soils (D 854-52)‘ or some 
analogous method, using water as the 
pycnometric fluid. Other liquids can also 
be used. A volumenometer can be used 
in which a gas is the displacement me- 
dium. The apparatus permits expansion 
or contraction of a system by a known 
volume and the measurement of the sys- 
tem’s pressure before and after the 
volume change. By assuming that the 
gas laws hold, the volume of the system 
can be calculated with and without the 
sample in place and a subtraction gives 
the volume of solids. The apparatus can 
also be calibrated with standards of 
known volume. The gas used is generally 
air or helium, the latter being used if the 
sample strongly adsorbs air. Simple 
forms of the apparatus are given by 
Washburn and Bunting (46)® and by 
Karns (19). Modifications are given by 
MacGee (23), Nissan, ef al. (25), and Smith 
and Howard (40). Schumb and Rittner 
(36) present a modern apparatus in which 
helium is employed. Powers and Brown- 
yard (27, p. 690) used an apparatus em- 
ploying an adaptation of this principle. 
Boehler and Ason (3) used the same prin- 
ciple of gas displacement but determined 
the volume of the system by measuring 
the time required for the pressure to fall 
from one value to another while the gas 
escaped through an orifice. 

Apparent specific gravity, bulk specific 


31952 Book of ASTM Standards, Part 3, p. 1594. 

41952 Book of ASTM Standards, Part 3, p. 1447. 

5 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 957. 
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gravity, and absorption are determined 
by means of ASTM Method of Test for 
Specific Gravity and Absorption of 
Course Aggregate (C 127 -42).®. Bulk 
specific gravity can also be determined 
by measurement of a symmetrical shape, 
by coating with paraffin and subsequent 
weighing immersed in water (applied to 
compressed bituminous mixtures in Ten- 
tative Method of_ Test - for _ Specific 
Gravity of Compressed Bituminous Mix- 
tures (D 1188 —- 51)),” or by displacement 
of mercury. Nissan (24) reviews some of 
these methods. The bulk specific gravity 
value that is obtained will depend upon 
the method used for its determination. 

Total porosity can also be obtained by 
use of the so-called McLeod gage type of 
apparatus devised by Washburn and 
Bunting (47). In this apparatus a dry 
sample is immersed in mercury in a closed 
system. The voids are evacuated by 
lowering the mercury head. The 
emergent air is trapped over the mercury 
and is measured directly. 

The disadvantage of the above meth- 
ods, from the standpoint of the concrete 
technologist, is that no indication of the 
size of the pores is obtained. 


Methods Which Determine a Simple Size 
Relationship: 


The microscope is a logical tool to use 
to differentiate between pore sizes. The 
technique of its use is described by Sweet 
(42) for stone and by Verbeck (44) for 
air voids in hardened concrete. The 
method involves the preparation and 
microscopic examination of a thin or 
polished section of the substance. The 
pore system of a field of this section is 
duplicated by means of a camera-lucida 
or photomicrographs and its area is de- 
termined with a planimeter and is 
converted to voids ratio by calculation. 


61952 Book of ASTM Standards, Part 3, p. 967. 
71952 Book of ASTM Standards, Part 3, p. 1368. 


By this method the voids larger or 
smaller than any predetermined size 
(larger than the limit of resolution of the 
microscope) can be obtained. Fears (13) 
made a detailed survey of this method. 
Its chief disadvantage is that it is time 
consuming. 

One method which gives a definite 
value of pore size is based on the capillary 
rise principle. Due to its surface energy, a 
liquid which wets a solid will be forced 
into a pore of that solid by a pressure 
which is inversely proportional to the 
size of the capillary. An apparatus em- 
ploying this principle was used by the 
Department of Scientific and Industrial 
Research (34) on building stone. An 
adaptation of their apparatus was re- 
ported by Blanks (2). Water was allowed 
to evaporate from the lower surface of 
an enclosed cylindrical specimen of ag- 
gregate. The pressure drop, due to capil- 
lary forces, in a water reservoir on the 
opposite face was measured as a function 
of time. The magnitude of the pressure 
drop varied inversely with capillary size 
and its speed varied directly with the 
total number of capillaries. A disad- 
vantage of the method is that the final 
magnitude of the pressure drop repre- 
sents the size of the smallest diameter of 
the largest continuous void traversing the 
specimen. When a pressure corresponding 
to this size of capillary is reached, air 
enters the specimen and the action 
ceases. 

Another method which yields a value 
of pore size requires a determination of 
the permeability of a sample to gas or 
liquid flow. Stull and Johnson (41) used 
this method on bricks and applied the 
Poiseuille equation to calculate the aver- 
age size of pores. The simplifying assump- 
tion was made that the pore system was 
an ideal one of identical, uniformly dis- 
tributed pores. Most porous substances 
probably depart radically from such an 
ideal structure. Schwertz (37) used per- 
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meability methods in his study of porous 
glasses. His air-diffusion apparatus was 
a simple one wherein the porous material 
was the barrier to an evacuated bulb 
and the pressure rise of the system as air 
flowed through the barrier was measured 
as a function of time. The application of 
Knudsen’s equation gives the average 
size of pores. Schwertz also measured 
permeability to liquids and _ used 
Poiseuille’s equation to calculate pore 
size. Structure constants were used in 
these calculations to account for the de- 
parture from ideality of the pore system. 

For extremely small pores the varia- 
tion in accessibility to various sized 
molecules can be measured (see review 
by Emmett (12)). For pores ina larger size 
range the variation in absorption of 
liquids of different penetrating abilities 
(33) will give a rough estimate of pore size. 


Methods Which Determine the Pore-Size 
Frequency Distribution: 


If V, the volume of pores which are 
smaller than a certain radius 7, is ob- 
tained as a nonlinear function of 7, then 
dv/dr is also a function of r—the distribu- 
tion function for pore size. A plot of 
dv/dr versus r is the pore-size frequency 
distribution curve and shows the relative 
volume contributed by pores of any cer- 
tain size. Such a curve for coarse ag- 
gregates would be extremely desirable 
for use by concrete technologists. 

The subject of adsorption phenomena 
is one on which a large amount of work 
has been done. Various theories have 
been advanced to explain the adsorption 
process. An adequate explanation of 
these theories cannot be given briefly. 
The reader is referred to Braunauer’s 
book (4) and to reviews by Emmett (12) 
and Foster (14). The data from adsorp- 
tion measurements are generally pre- 
sented in the form of an isotherm, that 
is, a plot of the amount of adsorption at 
constant temperature as a function of 


the pressure of the system. These data 
can be used to calculate the surface area 
of the adsorbent. Knowing total pore 
volume and surface area, the hydraulic 
radius of the pores can then be calcu- 
lated. The distribution curve can be de- 
termined using certain other theories (14, 
39), but, in general, only for pores smaller 
than several hundred Angstrém units in 
diameter. A large amount of experimen- 
tation has been done with a great many 
different absorbents and adsorbates. Of 
particular note to concrete technology is 
the work by Powers and Brownyard (27) 
on adsorption of water vapor by hard- 
ened portland cement paste. Recent work 
has been done on determining the specific 
surfaces of coarse aggregates by means of 
low-temperature nitrogen adsorption (1). 

One of the most promising methods 
for the determination of the pore-size 
frequency is that originated by Ritter 
and Drake (29) using a mercury porosim- 
eter. The principle involved is that, due 
to its surface energy, a liquid which does 
not wet a solid is denied entrance to a 
pore of that solid by a pressure which 
varies inversely with the size of the pore. 

In the mercury porosimeter the sample 
is evacuated and immersed in mercury 
in a dilatometer. The capillary pressure 
is then opposed by external pressure. 
The change in volume is measured as the 
pressure is increased and the mercury 
fills successively smaller voids. The 
distribution curve is readily obtained 
from the data. Ritter and Drake (9, 10, 
29) used their apparatus on a variety of 
substances and operated at pressures up 
to 60,000 psi to cover the range of very 
small pores. Purcell (28) adapted this 
method to cover the size range of 0.1 u 
diameter and larger pores (0 to 2000 psi) 
for use on oil-bearing rocks. 

Another method which could give a 
distribution curve is the capillary dia- 
phragm method (16) used by petroleum 
technologists for the determination of 
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capillary pressures in rocks. In this 
method the saturated sample is con- 
nected through a finely porous, saturated 
diaphragm and a calibrated tube, to a 
vacuum pump and manometer. The 
capillary pressure is opposed by atmos- 
pheric pressure as the vacuum is applied 
and water will leave the sample. The loss 
of water is measured in the calibrated 
tube and an experimental plot is obtained 
of capillary pressure (a function of void 
size) versus degree of saturation (a 
function of void volume). The disad- 
vantage is the limit imposed by the en- 
trance of air into the diaphragm. 

To overcome this difficulty, Hassler 
and Brunner (16) developed a centrifugal 
method. The saturated sample is placed 
in a special centrifuge and is whirled at 
increasing speeds. The centrifugal force 
opposes the capillary force tending to 
hold the water in the voids. The water 
lost is measured in a calibrated tube 
attached to the sample and observed in 
motion by means of stroboscopic light. 
Again, a plot of degree of saturation 
versus Capillary pressure is obtained. 

A final method to be mentioned is the 
small-angle X-ray scattering technique 
of Ritter and Erich (30). These authors 
applied the method to a pore-size range 
of approximately 0 to 400 A. The neces- 
sity for special equipment is obvious. 


SIGNIFICANCE OF POROSITY OF 
CONCRETE AGGREGATES 


The characteristics of the internal pore 
space in concrete aggregates have been 
described as the most important of all 
aggregate physical properties (2, 32). The 
importance of porosity is due to its in- 
fluence on the other physical and chemi- 
cal properties of the aggregate and to its 
control of durability in freezing and 
thawing. The abundance, size, shape, and 
continuity of the pores determine the 
amount of water the aggregate can 
absorb, its absorption rate, its ease of 
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draining (or the water-retention proper- 
ties), its internal surface area, and the 
portion of its bulk volume that is oc- 
cupied by solid matter. 


Effect on Chemical and Physical Proper- 
ties: 


Aggregates having large total pore 
volumes, especially if the individual pores 
are relatively small in size, have greater 
specific surfaces that may be susceptible 
to chemical attack than do those with 
smaller pore volumes or larger sizes of 
pores. Thus, for an aggregate type that is 
subject to chemical reactions in concrete, 
the rate of reaction and the chemical 
stability are influenced by the porosity 
characteristics. 

The physical properties of bulk specific 
gravity, strength, elasticity and abrasion 
resistance are similarly affected by the 
porosity (32). Larger void volumes result 
in smaller proportions of solids per unit 
bulk volume. In addition to the obvious 
effect of reduced specific gravity, the 
more porous materials have a smaller net 
area of solids to resist any load to which 
the particles are subjected. For ag- 
gregates of similar composition, there- 
fore, the more porous materials will have 
the lower strength values. 

The bond of cement paste to the ag- 
gregate particles is determined by com- 
plex and poorly understood physico- 
chemical properties of the surface and 
by the surface texture. Both roughness 
and the pore characteristics of the surface 
zone affect the surface texture and the 
quality of bond with the cement paste. 
Pore characteristics that permit no pene- 
tration of the surface of the aggregate 
particle are not conducive to a good 
bond (31). 

Aggregate thermal characteristics are 
influenced by the porosity. In an indirect 
manner, the porosity affects the thermal 
properties through control of water ab- 
sorption. Reports by Lu (22), Fox and 
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Dolch (15), and Clark (6) indicate signifi- 
cant changes in coefficient of expansion, 
diffusivity, and conductivity, respec- 
tively, with change in the moisture 
content of the stone. It is probable that 
the relative proportions of pore space 
and solids also have an influence on the 
thermal properties of dry aggregates. 


Relationship of Porosity to Durability of 
Concrete in Freezing and Thawing: 
The most significant effect of porosity 

characteristics on the suitability of 

concrete aggregates is the effect on the 
durability of the concrete in freezing and 
thawing (2, 32). Materials that contain no 
water are not likely to be harmed by 
freezing; for damage to occur, critical 
conditions of water content and lack of 
drainage must be present. The amount of 
water that an aggregate can absorb is 
controlled by both the total porosity and 
the size of the pores. Neither very large 
pores nor pores of capillary size, con- 
nected to the surface by smaller pores or 
surrounded by mortar having a smaller 
pore size, will fill with water by capil- 
larity. Pores of smaller sizes are subject 
to greater capillary pressures and may 
fill readily when a source of water is 
available. The size and continuity of the 
pores control the rate of absorption and, 
similarly, the rate at which the water 
can escape from the aggregate particle. 

To obtain complete information on the 

porosity of an aggregate, measurement 

of the characteristics of total porosity, 
size frequency distribution, shape, and 
continuity would be required. 

Of these characteristics, only the total 
porosity has been measured adequately 
by test methods actually applied to 
concrete aggregates. As noted under 
Measurement of Porosity, several 
methods for determining other pore 
characteristics exist but have not been 
applied to aggregates. The lack of ex- 
tensive porosity test data on aggregates 


has precluded any general correlation of 
durability with actual porosity character- 
istics. Instead, past investigators have 
attempted to make correlations of dura- 
bility with either a single porosity meas- 
urement or some physical characteristic 
that is dependent upon porosity. In- 
cluded in these categories are correlations 
of durability with the ratio of volume of 
voids smaller than 5 yu in diameter to the 
volume of solids and with the physical 
characteristics of absorption, specific 
gravity, and degree of saturation. The 
correlations obtained are, in general, 
limited in usefulness to the materials 
tested and to similar materials exposed 
to the same conditions. Despite the lack 
of any general correlation of freezing- 
and-thawing durability with the funda- 
mental porosity characteristics, the 
studies that have been made serve to 
emphasize the importance of porosity 
and have led to the development of 
definite theories of the mechanism of 
disruption. 

Correlations.—Investigations of the 
porosity of concrete aggregates have been 
conducted almost entirely during the 
last 20 years. Prior studies of porosity 
were made on building stone and brick; 
the techniques developed were later 
applied to aggregates. 

Attempts to correlate the durability of 
building stone with the absorption and 
specific gravity date back to at least 1847 
(7). Later work by Hirschwald (17) and 
Howe (18) utilized total porosity measure- 
ments and calculation of the degree of 
saturation. Howe (18) noted that the type 
of porosity was more important than the 
total pore volume and that the degree to 
which the pores became filled with water 
under natural conditions determined the 
durability in freezing and thawing. 
Similar porosity studies on brick and 
ceramics were made by Douty and Beebe 
(11), Washburn (45) and others. 

Seipp (38) calculated that, theoreti- 
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cally, the degree of saturation of building 
stone should be less than about 0.91 to 
obtain good durability. Higher degrees of 
saturation would leave insufficient space 
for the expansion that occurs when the 
water freezes. Kreuger (20) later found 
critical degrees of saturation on the order 
of 0.85, due apparently to nonuniform 
distribution of water in the pore system. 
Some of the pores could be almost com- 
pletely saturated while others remained 
relatively empty, but extensive damage 
from freezing and thawing would still 
result. 

Schaffer (34) reported test results of 
pore-size determinations on building 
stone. The volume of pores having di- 
ameters less than 5 u was correlated with 
the resistance of the stone to freezing 
and thawing. 

The earliest correlations of the porosity 
properties of concrete aggregates with 
durability appear to be confined to 
cherts. Cantrill and Campbell (5), Wuer- 
pel and Rexford (49), and Sweet and 
Woods (43) correlated the freezing-and- 
thawing durability of chert with such 
factors as absorption, bulk specific 
gravity, pore structure, and dye penetra- 
tion. These correlations, although im- 
perfect and limited to a specific material, 
are important in establishing the in- 
fluence of porosity on the durability of 
concrete aggregates. 

Wray and Lichtefeld (48) reported the 
results of freezing-and-thawing tests on 
gravels with varying degrees of satura- 
ration. The more water the aggregate 
contained, the poorer was the durability. 
Later work reported by Sweet (42) 
correlated degree of saturation with both 
laboratory freezing-and-thawing tests 
and the field durability of concrete in 
which the materials were used. 

Correlation of the volume of pores less 
than 5 yw in diameter with freezing-and- 
thawing durability of Indiana limestones 
has been reported by Sweet (42) and 
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Fears (13). The aggregates with the 
poorest durability had voids ratios of the 
smaller pores several times as great as 
did some of the most durable materials. 
Blanks (2) reported a similar correlation 
and stated that the pores having a 
diameter less than 4 yw were especially 
critical. 

The application of porosity studies to 
concrete aggregates has paralleled, in 
both techniques and results, the previous 
work on building stone. The majority of 
the correlations established were of 
durability with some property affected or 
determined by the porosity character- 
istics rather than with the fundamental 
porosity characteristics themselves. As a 
result, serious limitations are placed on 
the applicability of the correlations to 
concrete aggregates in general. Despite 
the limitations, such correlations are 
superior to those of standard tests in 
many cases and have been suggested by 
some investigators for acceptance testing 
of aggregates (5, 43, 21). 

Mechanism.—The durability, in freez- 
ing and thawing, of an aggregate is 
primarily dependent upon its ability to 
attain—and retain—a high degree of 
saturation under the given conditions of 
exposure. The harmful pore size is large 
enough to permit water readily to enter 
a high percentage of the pore space but 
not so large as to permit easy drainage. 
According to Dorsey (8), the force 
exerted by freezing water (if no expansion 
or escape of water is possible) ranges 
from 0 psi at 32 F to about 29,000 psi at 
—4F. Pressures in this range may be 
developed in aggregate particles when 
the degree of saturation is so high that 
the remaining void space is less than the 
expansion that takes place when the pore 
water freezes. To avoid the development 
of pressures in excess of the tensile 
strength of either the aggregate particle 
or the surrounding mortar, the pore 
water must be able to flow into unfilled 
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pores in the stone or escape from the 
aggregate particle. Escape from the ag- 
gregate particle may be blocked by a 
frozen zone around the outside, resulting 
in the development of high static pres- 
sures in the interior. Even when flow 
away from the freezing zone is possible, 
the hydraulic pressures necessary to 
cause movement through small capil- 
laries may be so high as to cause disrup- 
tion of the material. Blanks (2) states 
that pores less than 44 in diameter will 
drain effectively only at pressures high 
enough to cause failure of some rocks and 
concretes in tension. It is not necessary 
that the aggregate particle itself be dis- 
rupted for the concrete in which it is used 
to suffer damage from freezing and 
thawing (35). The aggregate may have 
sufficient strength and elasticity to 
withstand the imposed stresses without 
failure, but with disruption of the sur- 
rounding mortar by the expansion of the 
particle. Freezing-and-thawing tests of 
the aggregate alone may not, therefore, 
be indicative of its effect in concrete (35, 
42). The rate at which water must escape 
from the freezing zone and the pressures 
required to cause such flow are dependent 
upon the rate of freezing and the permea- 
bility (pore size and continuity) of the 
aggregate. An hypothesis of this nature 
for the effect of freezing on concrete has 
been presented and discussed in detail by 
Powers (26). 

The most important aggregate proper- 
ties that control the freezing-and-thaw- 
ing durability, according to the hypothe- 
sis discussed above, are the pore-size 
distribution and the permeability of the 
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material. Since the permeability is con- 
trolled by the size and continuity of the 
pores, these two porosity characteristics 
may be considered as the important ones, 
with total porosity of secondary impor- 
tance. No satisfactory tests to evaluate 
these characteristics have yet been 
applied to concrete aggregates, and the 
need for further investigation is apparent. 


SUMMARY 


With a property as important as pore 
space, it is surprising that more emphasis 
has not been given to this subject—not 
only by research workers in the fields of 
aggregate and concrete technology but 
also by those interested in specifications 
and in the development of methods of 
tests. It would be difficult to prove that 
any other physical property is of greater 
importance than the porosity character- 
istics (amount, size, and continuity of 
the pores) in either natural or artificial 
aggregates. The pore characteristics of a 
coarse aggregate not only influence the 
physical durability properties of concrete 
but also any potential chemical reaction. 
It is apparent from the information col- 
lected in this paper that research in this 
area should be extremely fruitful. Im- 
mediate attention should be given to 
methods of test, particularly with respect 
to methods used in related fields for 
determining pore characteristics of 
porous materials. It is probable that 
specification writers will be seeking ma- 
terial of this character in an attempt to 
obtain the best quality of aggregate for 
use in various types of construction. 
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DISCUSSION 


Mr. J. M. Rice! (presented in written 
form).—The authors of this paper are to 
be highly commended for focusing atten- 
tion on pore characteristics and particu- 


ice formation is the expansion or cracking 
of the aggregate. To measure this effect 
13 by 2-in. cores are drilled from ledge 
rock, the ends are sawed and ground, and 


Fic. 1.—Core Length Comparator. 


larly for summarizing the test methods 
that have been utilized by other indus- 
tries. We are among those who have 
neglected this important phase of aggre- 
gate technology. 

However, for the past five years, we 
have been testing ledge rock by a 
method which measures the harmful 
effect of internal frost action or ice forma- 
tion. The most obvious result of internal 


1 Research and Testing National Crushed 
Stone Assn., Washington, D. 


then the linear expansion caused by 
freezing and thawing is measured by 
means of the comparator shown in Fig. 
1. 

While developing this test method, we 
experimented with the initial saturation 
condition of the cores, that is, either by 
vacuum or by 24-hr immersion. Cur- 
rently we believe that the most realistic 
saturation treatment is that which ap- 
proximates the conditions under which 
the aggregate is actually to be used. 
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Unless a stone is to be used in a quarry- 
wet condition without preliminary drying 
in stockpile, the cores are presaturated by 
24-hr immersion from an air-dry condi- 
tion. The cores are frozen in air, not 
water, but drying is retarded by wrap- 
ping the cores with aluminum foil. After 
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poor performance records. All of the 
vacuum-saturated cores showed high 
degrees of saturation and very rapid 
expansion—more than 0.1 per cent in ten 
cycles. Similar cores, when only partially 
saturated by 24-hr immersion performed 
much better. Two of the ledges (Nos. 1 


10 0 
Cycles of 


Fic. 2.—Effect of Initial Saturation on Expansive Ledges. 


40 50 60 70 


Freezing and Thawing 


Cores Vacuum 
Saturated 


—— Cores Immersed 24 hr 


Saturation, per cent 


Vacuum 
Absorption, 
per cent Vacuum 24 hr 80 Cycles 
3.42 99.8 63.9 
3.24 94.7 71,1 95.6 
3.52 100.0 60.7 
es 3.94 100.0 62.8 85.2 
6.01 100.0 56.9 80.5 
oe 2.76 99.6 45.0 80.6 
eer 5.08 100.0 51.1 85.3 
ana 2.62 97.5 50.9 70.9 


overnight freezing, the cores are thawed 
in air for 4 hr and then reimmersed in 
water for 4 hr. 

Figure 2 shows the effect of the initial 
saturation conditions on the expansion of 
eight ledges which are characterized by 
excessive expansion when highly satu- 
rated. These ledges are from three Mid- 
west limestone quarries which have been 
reported to be sources of aggregates with 


and 3) eventually failed, but the remain- 
ing six were sound after 80 cycles even 
though they became more highly satu- 
rated. 

Pore studies of the above ledges would 
probably indicate potential unsoundness, 
yet the actual performance of the aggre- 
gates in concrete would be determined by 
the initial and subsequent saturation 
conditions. It is possible that critical 
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degrees of saturation would never be 
attained if the concrete mortar exerts a 
preferential absorption for the available 
water. 

The above results would tend to con- 
firm the observation that highly satu- 
rated, absorptive aggregates are not 
durable. However, there are notable ex- 
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centage absorption and degree of sat- 
uration, that would only occasionally 
exclude sound aggregates. Where aggre- 
gates are scarce, specifications should 
not be so restrictive. On the other hand, 
the general adoption of such criteria may 
admit deleterious aggregates. Figure 4 
shows the expansion curves for several 
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Fic. 3.—Absorptive Ledges with Low Expansion. Cores Vacuum Saturated 


Vacuum Saturation, per cent 
Ledge Absorption, 

Vacuum 50 Cycles 
3.29 82.9 84.5 
3.49 83.0 78.1 
8.40 94.2 92.8 
7.07 100.0 99. 
2.69 74.9 78.6 7 
4.60 83.9 76.9 


ceptions such as are illustrated in Fig. 3. 
These ledges represent two Midwest 
limestone quarries that have good service 
records. All of these cores had relatively 
high degrees of saturation and high ab- 
sorption, yet they performed well in the 
expansion test. 

Where good aggregates are abundant, 
a consumer might be justified in adopt- 
ing criteria, such as a maximum per- 


cores with low water absorption. These 
cores represent ledges from two lime- 
stone quarries in the East which may be 
identified as argillaceous and carbonace- 
ous. Complete pore studies of these ma- 
terials would certainly be of interest, 
although it is possible that low tensile 
strength or even expansive minerals may 
have been factors contributing to failure. 

It is our opinion that a complete 
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knowledge of pore characteristics should 
be helpful in ascertaining whether or not 
a particular aggregate is susceptible to 
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tinent to the problem at hand. They 
show once again that no single property, 
such as absorption or degree of satura- 
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Fic. 4.—Nonabsorptive Ledges with High Expansion. 
CORES IMMERSED 24 HOURS 


70 


80 


40 50 60 


Absorption, per cent 


Vacuum 24 hr 
0.40 0.27 
1.77 1.69 
1.82 1.13 
0.85 0.59 
0.86 0.64 


failure due to internal frost action. With 
this information and some knowledge of 
the strength characteristics of the aggre- 
gate and the saturation conditions to be 
encountered, the performance of the ag- 
gregate may be predictable. 

Messrs. D. W. Lewis, W. L. Dotca, 


AND K. B. Woops (authors’ closure).— 


Mr. Rice’s data are interesting and per- 


tion can unreservedly be depended on for 
performance prediction. They reinforce 
the authors’ contention of the need of a 
more fundamental description of the 
pore system of aggregate materials. 
Adequate test methods are needed. Per- 
haps when they have been devised and 
applied a consistent picture of aggregate 
performance, as influenced by porosity, 
can be set forth. 
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THERMAL EXPANSION TESTS ON AGGREGATES, NEAT CEMENTS, 
AND CONCRETES* 


By Leonarp J. MITCHELL! 


Several investigators during the past 
decade have shown that low durability 
of concrete could be caused by thermal 
incompatibility between the cement mor- 
tar and the aggregate. This incompati- 
bility has generally been attributed to 
wide differences in the coefficients of 
thermal expansion of the various mate- 
rials. The Bureau of Reclamation labora- 
tories have for many years investigated 
the effects of thermal characteristics -of 
aggregates on the durability and other 
properties of concrete. The present pro- 
gram was initiated in 1948 to study the 
incompatibility problem and _ provide 
data for general use in concrete design 
and control. Special equipment was de- 
signed to measure accurately length 
changes in small test specimens. 

Tests were made on 41 aggregate 
minerals, 11 portland cements, 2 port- 
land-pozzolan cements, 14 mortar mixes, 
and many plain and air-entrained con- 
cretes. Other variables investigated were 
moisture content, mix proportions, air 
content, and test methods. 

Aggregates have widely varying coeffi- 
cients of thermal expansion and these 
coefficients are reflected in the values 
obtained on concrete specimens. The 
average value of 5.5 millionths per deg 
Fahr, normally used in design, does not 
apply for all concretes. Limestones, 
which may have coefficients as low as 2 

* Presented at the Fifty-sixth Annual Meeting of the 


Society, June 28-July 3, 1953. 
1 Materials Engineer, Bureau of Reclamation Denver, 
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millionths per deg Fahr, produce con- 
cretes with coefficients as low as 3.2 
millionths per deg Fahr. The coefficient 
of thermal expansion of neat cement 
ranges from 6 to 12 millionths per deg 
Fahr, depending primarily on the mois- 
ture content. Many other factors cause 
variations in the coefficients, but most of 
these differences appear to be directly 
related to the moisture contents of the 
specimens. The coefficient of thermal 
expansion of concreté may be computed, 
if the correct coefficients of the separate 
materials are known. 

At intermediate degrees of saturation, 
the coefficient of neat cement paste is 
greater than at dry or saturated condi- 
tions and therefore would increase the 
potential stresses attributable to thermal 
incompatibility. When the saturation is 
above 91 per cent (critical saturation), 
the disruptive stresses caused by ice 
pressure are much greater than stresses 
caused by differences in thermal coeffi- 
cients. Concretes which absorb moisture 
readily and are above critical saturation, 
will fail after only a few cycles of freezing 
and thawing. 


DESCRIPTION OF APPARATUS 


The apparatus used for obtaining 
thermal expansion of small specimens, 
Fig. 1, consists of fulcrum-type exten- 
someter frames, electromagnetic strain 
gages, electronic indicators, appurtenant 
equipment, and tanks, through which an 
ethylene glycol solution is circulated at 


| 
L 


temperatures controlled by refrigeration 
coils and electric heaters. 


Fulcrum-T ype Extensometer Frames: 


Figure 2 shows that the extensometer 
frames amplify the movement by a 2 to 
1 ratio and may be adjusted to test 
specimens from 1 to 3 in. in size. The 
frames are designed so that all significant 


members are of Invar steel and the most 
critical members are located in zones of 
constant temperatures. Thermal effects 
on the frames are eliminated by the 
frame design, by calibration, and by test 
technique. The contact screws and ful- 
crum rods are in air at room temperature 
and shielded against radiation from the 
variable temperature control bath. Only 
the ends of the main bars and the contact 
points are immersed. The contact points 
are very short and the main bars are 
perpendicular to the movement. Insulat- 
ing washers and small contacts through 
bearings minimize conduction to the 


Fic. 1.—General View of Equipment for Measuring Thermal Expansion. 
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fulcrum connecting rods. The H-section 
shape of the main members supplies stiff- 
ness with light weight and provides large 
heat transfer surfaces. 


Electromagnetic Strain Gage: 


The electromagnetic strain gage is 
designed to measure movement as small 
as 3 millionths of an inch. This is ac- 


Fic. 2.—Extensometer Frame With Strain 
Gage at Top and 2 by 2-in. Cube at Bottom. 
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complished by measuring electrical reac- 
tance in an electromagnetic system con- 
sisting of a laminated silicon steel 
armature mounted between two sets of 
coils on laminated silicon steel cores. 
Movement of the armature which is 
attached rigidly to the gage probe 
causes changes in relative inductance. 
The gages, when connected to the elec- 
tronic indicator, form part of an alter- 
nating-current bridge, having an output 
signal amost proportional to the dis- 
placement of the armature over a wide 
range. 


Fic. 3.—Electro Magnetic Strain Gage. 
The strain gage, which uses Invar steel 
in all critical places and waterproof 
varnish on the wires, is nearly insensitive 
to temperature and humidity changes. 
Parts have a minimum of machining and 
no critical tolerances or fine finishes. 
Simplicity of design contributes to 
ruggedness (Fig. 3). 


Electronic Indicator: 


The electronic indicator consists of a 
single-frequency audio oscillator, a bal- 
ancing unit, an amplifier, a phase-sensi- 
tive detector or discriminator, and a 
direct-current microammeter (Fig. 4). A 
zero adjustment in the indicator allows 
balancing of the circuit elements to give 
any desired reference reading on the 
meter. 


The balancing unit provides a method 
of making both resistive and reactive 
adjustments to the alternating-current 
bridge circuit containing the strain gage. 
The reactive or capacitive adjustment 
allows compensation for difference be- 
tween gages. The resistive adjustment 
balances the bridge output signal from 
active gages. The change in resistive 
reading is so nearly proportional to the 
armature movement of the gages that a 
straight line can be used for the range 
of these tests. Five range steps each 
reading 1000 units supply ample range. 


Balancing 
Unit 


Gage Amplifier 


Oscillator Discriminator 


Output Meter 


Fic. 4.—Block Diagram of Gage and Indi- 
cating Unit. 


A gain adjustment in the amplifier 
controls the sensitivity of the indicator 
to suit the particular application. For 
thermal expansion tests, this adjustment 
is such that one reading unit for a 2-in. 
specimen is about 1 millionth in. per in. 

The indicator was designed to mini- 
mize temperature and humidity effects. 
The resulting stability produces highly 
uniform and dependable readings. 


Temperature Controls: 


Temperature control is necessary to 
determine thermal coefficient of expan- 
sion. Two insulated tanks contain the 
ethylene glycol solution in which the 


temperature is controlled by means of 


electric heaters and refrigeration coils. 


—— 
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TABLE I.—THERMAL COEFFICIENT OF ROCK MINERALS FROM VARIOUS SOURCES. 


Thermal coefii- 
Specimen Classification—Description and Source cient, millionths 
per deg Fabr 
Liuzstowe 
Limestone pebble from segregate, Hungry Dam, Mont. 3.7 
Limestone from tunnel a angry ry Horse Dam, Mont. 4.5 
No. M 299-3............| Quarried limestone (Cedar Bluff) from Fort Riley, Kan. 3.0 
i “Sees Limestone from Pike View, Colo. , 2.4 
Ne. BM 305-d..........00 Limestone from Pike View, Colo. 3.8 
Limestone from Pike View, Colo. 1.2 
* uarried ‘Cottonwood limestone,” Marhattan, Kan. 2.8 
wee “Cottonwood limestone,”’ Manhattan, Kan. 2.6 
arried ‘Cottonwood limestone,” Manhattan, Kan. 2.2 
| ebble from Republican River gravel, Colo. 4.2 
Specimens RR109, RR110, and are three pebbles of chalky, 
— opaline, argillaceous limestone from Republican River gravel 14 
OS RRS Quarried limestone from Angostura Dam, S. D. 2.0 
ne ot : Small slivery samples of crushed siliceous magnesium limestone os 
No. SML 3 from Californ’ ia 3.2 
Sandy limestone pebble from gravel, Palisades Dam, Idaho 5.3 
3. eae Kaibab limestone from near Glen Canyon, Ariz. | 4.5 
_ SANDSTONE 
Meta sandstone from aggregate, Hun, Horse Dam, Mont. 5.8 
b 1 Seatstone from aggregate, Hungry Horse Dam, Mont. 5.3 
q sandstone from Coal Creek, Golden, Nee 6.5 
Similar to M 437-1 from quarry at Carter Lake, Col 6.5 
Similar to M 616 except more chert, Carter Lake, Colo. 5.9 
Similar to M 617 except better and with bedding separation 5.9 
Similar to the above except poorly interlocked and lightly cemented from a 
quarry at Carter be 
From sandstone ledge near Moorhead Dam, Mont. 3.7 
. Calcareous sandstone from near Moorhead Dam 5.7 
.| Opaline sandstone from near Akron, Colo. 5.4 
Opaline sandstone pebble from Republican River, Colo. 4.8 
Pebble from the Republican River, Colo. 3.4 
Fine-grained sandstone pebble from Palisades Dam, Idaho 60 0 | 
SILTSTONE 
NE I eS Red siltstone pebble from gravel, Palisades Dam, Idaho | 4.1 
ARGILLITE 
| Pebble from gravel at Hungry Horse Dam, Mont. | 5.4 
QUARTZITE 
| Pebble from gravel at Cherry Creek Dam, Colo. 4.8 
..| Pink quartzite pebble from gravel at Palisades Dam, Idaho 5.6 
.-| Gray quartzite pebble from gravel at Palisades Dam, Idaho 5.2 
.| Black quartzite pebble from gravel at Palisades Dam, Idaho 5.0 
Sample from Wolf Creek = of the Union Pacific Railroad 4.5 
CHERT 
| Sample from Pickwick Dam, TVA | 6.3 
CHALCEDONY 
| Pebble from Republican River gravel, Colo. | 6.0 
Quartz 
i aa Pebble from Republican River gravel, Colo. 8.0 
Mined samples from Buffalo Park, Colo. x: faces 5.6 
x2 faces 6.8 
xs faces 7.5 
Basatt 
No. M 268. .| Quarried ‘Table Mountain basalt,” Golden, Colo. 4.0 
| | Pebble from Republican River gravel, Colo. 3.4 
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TABLE I.—Concluded 


Specimen Classification—Description and Source ~ cient, millionths 
per deg Fahr 
RHYOLITE 
| Pebble Crooked River Project, Ore. 4.6 
ebble from Republican River gravel, Colo. 2.3 
Turr 
| Light-gray fine-grained sample from Sundance Mountain, Wyo. | 4.2 
META ANDESITE 
| Pebble from gravel at Hungry Horse Dam, Mont. | 3.8 
ANDESITE 
No. RR107...........42. | Pebble from Republican River gravel, Colo. | 4.5 
PHONOLITE PoRPHYRY 
| Sample from Barlow Canyon (Keyhole Dam), Wyo. | 3.4 
GaBBRO 
Bk Sescccsccccnnsn | Pebble from gravel at Hungry Horse Dam, Mont. | 4.1 
| | Pebble from gravel at Hungry Horse Dam, Mont. | 4.3 
GRANITE 
ere Pebble from at Cherry Creek Dam, Colo. 3.6 
from River gravel, Colo. 4.5 
| 6 ieee ed granite breccia from Davis Dam, Ariz. 2.0 
GnEIss 
A ence cscsenecs | Pebble from gravel at Cherry Creek Dam, Colo. | 3.6 
ScuIst 
re Pebble from gravel at Cherry Creek Dam, Colo. 4.7 
 f ae Pebble from gravel at Cherry Creek Dam, Colo. 4.0 
FELDSPAR 
Massive pink sample—between original cleavage faces 9.7 
Massive pink sample—between 0.001 faces 0.5 
Massive pink sample—between 0.010 faces i 
MARBLE 
Se Georgia commercial marble parallel to the banding —0.9 
PS er Georgia commercial marble perpendicular to the banding 2.5 


The heating coils are turned on and off circulating pump is stopped when the 7 
manually at various intensities, while desired temperature is reached and — 
the refrigeration is controlled auto- steady conditions are soon obtained. 
matically at preset temperatures by a or 

bridge circuit. After the fluid in the main The frames, gages, and indicator are 
tank reaches control temperature, the calibrated by reading length changes at 
fluid in the specimen tank gradually various temperatures on metal specimens 
approaches the desired temperature. The with known coefficients of expansion. 


Frequent check calibrations, which show 
the setup to be very stable, are repro- 
ducible within +3 per cent. The thermo- 
couple is calibrated by attaching it to 
_ the bulb of a precision thermometer and 
reading both while they are immersed in 
water in a thermos bottle. 


SPECIMEN PREPARATION 


Specimen preparation is very simple. 
Specimens are from 1 to 3 in. long with 
the ends approximately parallel. No 
special preparation of the test faces is 
necessary as troweled, formed, rough 
sawed, or ground surfaces of either con- 
crete or rock are acceptable. All speci- 
mens are measured for length to an 
accuracy of 1 per cent. The thermal 
expansion specimens are generally tested 
in as-received, oven-dried, or vacuum- 
saturated conditions and are carefully 
coated with a wax compound to prevent 
moisture change while immersed in the 
controlled temperature bath. 


Test PROCEDURE 


The fulcrum-type extensometer frame 
_ is adjusted to the approximate length of 
the specimen by moving the jam nuts 
on the fulcrum bar. A spring is selected 
which, when fitted in one of the three 
spring positions, will supply enough ten- 
sion to hold the specimen between the 
test points. The specimen is then inserted 
between the blunt test points at the 
lower end of the main members of the 
extensometer frame. The points are 
placed approximately perpendicular to 
the surface of the specimen to minimize 
slipping and are firmly pressed through 
the wax coating. Final adjustment of 
the jam nuts is made so that the main 
_ members of the extensometer frame are 
_ within 3, in. of parallel. The gage is next 
clamped in position with its probe touch- 
ing the head of the contact screw. The 
contact screw is adjusted so that gage 
_ readings will cover the range of the test. 


~ 


q 
1 


Upon completion of all adjustments, the 
soundness of the setup is tested by 
observing the gage reading while the 
extensometer frame is lightly tapped. If 
the specimen is properly placed, the 
gage reading will change only slightly 
and then remain constant. 

Readings are taken by balancing the 
indicator unit for the approximate capa- 
city characteristic of a given gage, then 
adjusting the resistive balance and 
repeating until complete balance is 
obtained. 


DIscuSSION OF TEsr DATA 
Aggregate: 


The length changes of more than 60 
rocks representing 21 different mineral 
aggregates were determined during a 
temperature cycle of 70 to 15 F and re- 
turn. A straight-line length-temperature 
relationship in this temperature range 
was generally obtained with stable and 
reproducible results. The sources and 
thermal coefficients of expansion of these 
rocks are given in Table I. These data 
and those obtained by other investiga- 
tors (1, 2, 3, 4)? show that the thermal 
expansion of limestone, sandstone, and 
many other rocks may be significantly 
different for similar rocks from different 
sources. Coefficients for limestones 
ranged from 1.2 to 6.5 millionths. The 
coefficients of all other rocks, excluding 
the anisotropic materials, quartz, feld- 
spar, and marble, fall within this range. 
The length change on the return or 
warming cycle was sometimes slightly 
different than during the cooling cycle 
and frequently indicated a higher coeffi- 
cient. Hockman and Kessler (1) of the 
National Bureau of Standards found 
this to be particularly true of granite. 
Kessler (2) observed this effect on 
marble. 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 975, 
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Rock specimens which consist of a 
single crystal or of a mass of crystals 
with similar orientation may exhibit 
anisotropy. Finely crystalline marble had 
coefficients of —0.9 and 2.0 millionths 
per deg Fahr on mutually perpendicular 
axes. Figure 5 shows length changes with 
temperature for massive crystals of 
feldspar which had coefficients of 0.5, 
1.1, and 9.7 millionths. Quartz had 
coefficients of 5.6, 6.8, and 8.0 mil- 
lionths along the various axes. These 
aggregate minerals, even though satu- 


2 Feldspar concrete...“ 
= 100+—— 0 
SP / 4 
= ~!00 
SEF: eldspar aggregate\<~—- 
-300 
-400 
30-200 


Temperoture, deg Fahr 


Fic. 5.—Length Change of Concrete and 
Concrete Aggregate During Temperature Cycle. 


rated, all produced straight normal 
length-change relationships both above 
and below freezing. All rocks were 
tested after soaking overnight. 


Neat Cement: 


Neat cement specimens were tested to 
determine the effect of age, moisture 
content, fineness, and chemical composi- 
tion of cement on the thermal expansion 
(Fig. 6). Continuously moist-cured speci- 
mens were tested between 7 and 14 days’ 
age, retested between 45 and 60 days’ 
age, and again between 120 and 130 
days’ age. The result showed no sig- 
nificant trend with age, so average 
values are given in Table II. This is in 
agreement with the findings of Bonnell 
and Harper (5). Figure 7 shows that the 
coefficient of thermal expansion increased 


directly with fineness for six cements 
ground to different fineness from one 
clinker. This figure shows that the coef- 
ficient was increased about 25 per cent 
as the fineness of the cement was in- 
creased from 1200 to 2700 (Wagner) sq 
cm per g. 

The thermal coefficient of expansion 
of neat cement is approximately the 


8 Oven Dried Specimens 
x_| 

0 2 a 6 8 

C3A, per cent 
? Vacuum Saturated Specimens 

50 2 4 6 8 


C3A, per cent 
Fog Cured Specimens 
elst. Series 0.25We 
o2nd.Series 0.35 Woe 
x3rd.Series O0.25Wc 


Thermal Coefficient, millionths per deg Fahr 


ux 


6 
Le) 2 


4 6 8 10 
C3A, per cent 


Fic. 6.—Thermal Coefficient of Neat Cement 
Varied With Moisture Content and Compound 
C3A. 


same for oven-dried and vacuum-satu- 
rated specimens, but is considerably 
higher at intermediate moisture con- 
tents. In the range of 80 to 90 per cent 
saturation the coefficient was increased 
as much as 100 per cent, as shown in 
Fig. 8. These results agree with those 
published by Meyers (6) although the 
optimum moisture content was not 
determined. The per cent saturation 
was based on the assumption that 
vacuum-saturated specimens were 100 
per cent saturated. Computations have 


| 
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ous in some cases. an apparent additional thermal expan- 
A probable explanation for the maxi- sion. Meyers (6) showed that in very old 
mum apparent thermal expansion at specimens the amount and effect of 
3 » 


= < Cc 
} 

A s 
b 
1200 1600 2000 2400 2800 

, Specific Surface Sq Cm per G (Wagner) 
. Fic. 7.—Thermal Coefficient of Neat Cement Varied With Fineness. 


4 revealed that this assumption is errone- may vary with temperature and produce 


so 


© 


TABLE II.—THERMAL COEFFICIENT OF NEAT CEMENT SPECIMENS. 


} | | Moisture Conditions 
ac Therma al 
ition cient, millionths 
Fine- Compound Composi 
ness, Water-| P*& deg Fahr Fog Cured — 
Cement | sq cm Cement rated 
Ratio 
agner | Vac- | | Satu- 
Fog uum H0, 
cs CS CA | GAF Cured Satu- per cent 
cent cent 
AS6 1200 48.8 26.0 8.8 | 8.0 | 0.212 
AS8 1800 48.8 26.0 8.8 8.0 | 0.224 sae wae 
AS9 2190 48.38 26.0 8.8 "Bil 
A60 2400 48.8 26.0 8.8 8.0 | 0.236 
A61 2700 48.8 26.0 8.8 8.0 | 0.244 
9190 2064 35.0 40.2 7.3 10.7 | 0.260 see Ewes 
9406 1960 36.1 36.2 8.3 13.0 | 0.240 ous 
Al77 2015 43.0 32.1 5.2 13.5 | 0.250 
A777 2015 43.0 32.1 5.2 13.5 | 0.230 
Al77 2015 43.0 32.1 5.2 13.5 0.250 7.6 | 6.3 | 6.8 | 11.11) 81.0 13.71 
9190 2064 35.0 40.2 7.3 10.7 0.250 7.3 | 6.4 | 7.0 | 10.89) 82.1 13.27 
AS9 2190 48.8 26.0 8.8 8.0 0.250 10.0 | 6.6 | 7.3 9.67) 83.9 11.53 
Aj7 2015 43.0 32.1 5.2 13.5 | 0.350 6.9 | 6.8 | 6.9 | 17.83) 91.2 19.54 
A777 + 20 per cent fly ash 0.250 7.1 | 5.4 | 6.4 | 11.18] 85.0 13.15 
A777 + 20 per cent calcined Phillips shale 0.283 6.6 | 6.5 | 6.2 | 14.27) 83.9 | 17.00 
A777 + 40 per cent fly ash 0.250 7.9 | 4.6 | 6.0 | 10.35) 80.6 | 12.84 
A777 + 40 per cent calcined Phillips shale 0.342 6.9 | 5.7 | 6.2 | 17.27) 81.8 | 21.12 
9190 -+ 40 per cent calcined Phillips shale 0.342 8.0 | 5.5 | 5.8 | 17.56) 86.8 | 20.22 
AS9 + 40 per cent calcined — a 0.346 8.7 | 6.1 | 6.2 | 18.46) 88.9 | 20.76 
2064 10.7 0.350 8.5 | 5.7 | 6.7 | 18.28) 86.5 21.14 
2190 48.8 | 26. H 8. 3 | 8.0 | 0.350 | 11.6 | 7.0 | 6.4 | 15.34] 83.5 18.37 
2015 43.0 32.1 5.2 13.5 0.250 9.0 | 5.7 | 6.9 | 10.72, 83.0 12.91 
2066 41.1 | 33.8 5.2 | 13.5 | 0.250 8.7 | 6.6 7.1 | 10.97) 89.0 12.32 
ee 27.3 | 43.1 3.0 18.2 | 0.250 9.0 5.6 6.9 | 12.71) 85.3 14.90 
tan 41.8 | 32.8 7.4 | 13.5 | 0.250 | 8.8 5.9,7.0 9.46 78.1 12.11 
74.4 6.3 0 15.5 | 0.255 9.4/5.1 7.4! 7.80. 68.4 11.40 
° 47.3 | 27.2 9.4 | 9.4 | 0.250 9.4 5.4 6.9 | 9.52 77.3 12.31 


optimum moisture content is given by optimum moisture content is definitely 
Meyers (6) and Powers (7). Water ab- reduced. The evaporable moisture and 
sorption and swelling pressure of the gel content was also reduced with age. 
cement gel at a given relative humidity Autoclaved specimens which supposedly 


4 
Mix 
— >. 
No. T-4...... 
No. T-6...... 
No. T-10..... 
— 
No. T-13..... 
No. T-14.... 
No. T-15..... 
| No. T-30.... 
No, T-31..... 
No. T-32.... 
No. T-33..... 
No. T-34..... 
No. T-35S.... 
T-36.....| 
No. T-37.... 
T-38.....| 
No. T-39. 
No. T-40.....} 
T-41..... 
T-42..... 
No. T-43.....| 
T-44..... 
No. T-45.... 
No. T-46..... 
No. T-47..... 
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have no gel have been found to have 
constant thermal expansion at all rela- 
tive humidities. This indicates that the 
amount and characteristics of the gel are 
related to the variation of thermal ex- 
pansion with changes in moisture con- 
tent and to the existence of an optimum 
condition producing maximum thermal 
expansion. 

The author believes that changes in 
swelling pressures are probably caused 
by moisture interchanges between capil- 
laries and gel without changing the 
over-all moisture content. This theory 
can even explain the fact that vacuum- 


12 == 
£ 
= 10 7 
/ e « 
x) 
se 
238 4 
3° x 
Ax 
os 
z 6 
= 
4 
fe) 100 


20 4 60 80 
Apparent Soturotion, per cent 


Fic. 8.—Thermal Coefficient of Neat Ce- 
ment Varied With Moisture Content. 


saturated specimens have the lowest 
thermal movement of all. When all ele- 
ments are fully saturated, moisture inter- 
change might be impossible while oven 
drying leaves nonevaporable water which 
might still be available for interchange. 
Disruptive expansion of some speci- 
mens has been observed during a single 
. cycle of freezing. This action has always 
been associated with a high degree of 
saturation. Powers (7) briefly described 
the gel and capillary structure of 
hardened cement paste and reported a 
critical degree of saturation somewhere 
near 90 per cent of complete saturation. 
He believes that any concrete critically 
saturated will fail very quickly in freez- 
ing and thawing. The author concurs in 
this conclusion. The actual percentage 


may vary slightly due to the elasticity 
of various constituents in the sample. It 
will take place when saturation is such 
that expansion during freezing exceeds 
the available void space. In such cases 
the freezing point is depressed to about 
20 F, about 4 F below that for concrete 
under similar conditions, and is indicated 
by rapid specimen expansion as shown 
in Fig. 9. This will always occur if the 
moisture content of the specimen is 
actually above critical saturation. Later 
discussion will show that pressures far 
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Fic. 9.—Rapid Expansion Caused by Freez- 
ing of Water in Saturated Neat Cement. 


beyond the possible resistance of cement 
paste will be developed. The D value in 
Fig. 9 for neat cement and in Fig. 5 for 
concrete is the expansion due to freezing 
and is the deviation of the reading at 
15 F from the computed straight line 
extension of the thermal movement 
before freezing. These figures are similar 
to data observed by Valore (8). 

Many critically saturated specimens 
give greater coefficients of thermal ex- 
pansion after freezing than before, while 
specimens which are not critically sat- 
urated tend to give parallel results on 


successive cycles. A possible explanation 
of this behavior is that freezing might 
cause an exchange of water between gel 
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trend is shown for specimens No. T-33 in 
Table II. These specimens had essentially 
constant thermal coefficients of 6.9, 6.8, 


TABLE III.—TESTS ON CONCRETES << MORTARS WITH CONTROLLED AGGREGATE MINERALS. 


34-in. maximum gravel 
Sand per cent = 50 
Slump = 2 to 4 in. 


Mix Data Aggregate Description Ther. | 
a mal 

| 

g cient, | p 

| b mil- 
3 Sand* Gravel lionths 
23 per deg 
% 3 Fahr 
0.51 | 4.94 | ... | Angostura natural Angostura limestone 3.3 48 
0.51 | 4.96 | ... | Angostura natural Chi Creek 5.0 115 

0.51 | 5.20! ... | Angostura natural Buffalo Park quartz 5.5 438 
0.51 | 4.48 ... | Angostura limestone f tura limestone 2.4 45 
0.51 4.14) ... a Canyon limestone | Bridge Canyon limestone 3.4 182 
0.51 4.92) ... | Loca Bridge Canyon limestone 3.4 66 
0.51 4.06 ... | Bridge Canyon iimestone | Buffalo Park quartz 4.1 150 
0.51 | 4.75 | 1.0 | Grand Coulee Grand Coulee 4.0 22 
0.49 4.55 | 3.4 | Georgia marble Georgia marble 2.3 20 
0.51 4.56 1.1 | Buffalo Park quartz Buffalo Park quartz 5.8 301 
0.51 4.25 1.8 Feieper Feldspar 2.9 500 
0.51 4.66 0.8 Buffalo Park quartz Georgia marble 4.2 552 
0.51 4.40; 1.0. Buffalo Park quartz spar 3.5 | 1089 
0.51 | 4.40 1.4 | Feldspar | Buffalo Park quartz 3.3 968 
0.51 | 4.40, 1.4 | Quartz and feldspar | Quartz and feldspar 4.1 | 1108 
Mortar Mrxes—Do Nort Contain GRAVEL 
0.45 | 2.25| ... | F | 4.2 
0.45 | 2.25] ... 8B Buffalo Park quartz | 7.0 
0.45 | 2.25 . | Georgia marble 4.1 
0.45 | 2.25 | Bridge Canyon limestone 4.0 
0.45 | 2.25 f tura limestone 4.4 
0.45 | 2.25 Table Mountain basalt 5.8 
0.45 | 2.25 . | Grand Coulee 5.4 
0.45 | 2.25 | Local 6.3 
0.45 | 2.25 Kimball, Neb. 6.0 
0.45 | 2.25 Republican River 6.6 
0.45 | 2.25 | Hungry Horse 5.9 
0.45 | 2.25 Bae Canyon limestone 5.6 
0.45 | 2.25 juartz oy Id 5.3 
| 2.25 | rtz and feldspar 7 

0.45 2.25 | and Georgia marble 5.5 


® Sand grading, per cent 


Pan No. 100 No. 50 No. 30 | No. 16 No. 8 
5 16 24 25 | 
> Gravel grading, per cent 
No. 4 to % in. % to % in. 
mas 40 60 


and capillaries to approach more nearly 
the condition of optimum saturation. 
Curves published by other investiga- 
tors indicate that the thermal coefficient 
is essentially constant at critical satura- 
tion and above. Some evidence of this 


tion. 


indicates 


that 


and 6.9 millionths per deg Fahr at 0, 
91.2, and 100 per cent apparent satura- 
This 
changes from 90 to 100 per cent have 
little effect on the thermal coefficient. 
Water appears to be the major factor 


moisture 


a 


| Mix 
No. C-1.........| 8487 { 
. No. C-2.........| 8487 
No. C-3.........| 8487 
a No. C-4.........| 8487 
No. C-5.........| 8487 
‘ No. C-6.........| 8487 
SS.........| 
No. WD 122.....| 2735 
No. WD 123.....! 2735 
No. WD 124.....| 2735 
7 No. WD 125..... 2735 
No. WD 126..... 2735 
No. WD 127.....| 2735 | 
No. WD 128....., 2735 
No. WD 129.....| 27 
No. T-16........|A777 
No. T-17........|A777 | 
No. T-18........|A777 
No. T-19........|A777 
No. T-20........|A777 | 
No. T-22........|A777 | | 
No. T-23........!A777 
No. T-24........|A777 | 
No. T-25........|A777 | 
No. T-26........'A777 | 
a | 
No. T-28........|A777 | | 


contributing to changes in thermal ex- 
pansion of neat cement. Changes from 
other factors are probably minor except 
as these factors influence the amount and 
characteristics of the gel and capillaries, 
and hence the ability of water to change 
the thermal expansion. 


Mortars and Concreles: a 

Many mortar and concrete specimens 
were tested early in the program when 
it was believed that 28 days of fog curing 


followed by several weeks’ immersion 
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Fic. 10.—Air Entrainment Reduced Mois- 
ture Content of Fog Cured Concrete. 


in water would give results closely simu- 
lating saturated conditions. The degree 
of saturation was not determined, but 
concretes showing high D values (Fig. 5), 
are apparently above critical saturation, 
while concretes with low D values are 
apparently below critical saturation. 
The concretes with low D values (WD 
122 and 123, Table III) had good resist- 
ance to freezing and thawing. 

The apparent moisture contents of 


Mrrcwett ON EXPANSION ON CEMENTS, CONCRETES 973 


fog-cured concretes are shown in Table 
IV. Moist-cured plain concretes fre- 
quently showed moisture contents of 95 
per cent saturation, while air-entrained 
concretes have much lower percentage 
of apparent saturation (Fig. 10). These 
values were computed using oven-dried 
and vacuum-saturated weights to deter- 
mine the water content. Air-entrained 
concretes have a lower percentage of 
apparent saturation after moist curing 
and are more difficult to saturate com- 
pletely even under vacuum. 

Generally the thermal coefficients of 
mortar and concrete are directly related 
to the coefficients of the aggregate. Mul- 
len (9) suggested that the coefficient of 
concrete could be computed by using 
weighted averages of the coefficients of 
aggregate and neat cement. This would 
be possible if the correct value for neat 
cement could be determined. 

Several investigators (10, 11) have 
ably demonstrated an incompatibility 
between cement mortar and coarse 
aggregate, which has generally been 
attributed to wide differences in the 
coefficients of thermal expansion of the 
materials. Several combinations of low- 
coefficient coarse aggregate with high- 
coefficient mortars are shown in Table 
Il. 

About half of these concretes showed 
large D values while the others produced 
relatively straight length-temperature 


relationships. Higginson and Kretsinger - 


(12) show correlation between these D 
values and durability for this series of 
tests. There is a definite indication that 
other factors are probably more impor- 
tant than thermal incompatibility. All 
specimens which failed rapidly expanded 
at some temperature below 32 F. The 
higher the D value the more rapid the 
deterioration. The moisture content of 
the mortar or concrete specimen is of 
prime importance. Specimens above criti- 
cal saturation failed rapidly. 


| 
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Theoretically the ice pressure in these 
tests could approach 9000 psi. Powers 
(7) showed that 736 psi is necessary to 
reduce freezing temperature 1 F. Dorsey 
_ (13) states that ordinary Type I ice can 
be formed at pressures up to about 30,000 
psi. Obviously some difference must exist 
in the concrete which either allows super- 
cooling so that ice does not form, or 
provides escape from the full effects of 
the possible pressure. No concrete could 
withstand the pressure if true critical 


saturated, Fig. 10). The above observa- 
tion may partially explain the greater 
durability of air-entrained concrete. The 
variation of the thermal coefficient with 
changes in moisture content is much less 
in concrete than in neat cements (Figs. 
8 and 10). 

Temperature length-change curves for 
concretes below critical saturation are 
usually good, with only a few points 
deviating from a straight line. Specimens 
with moisture contents at critical satura- 


TABLE IV.—THERMAL COEFFICIENTS AND MOISTURE CONTENTS OF VARIOUS CONCRETES. 


Fog-Cured Samples Vacuum Saturated Samples | Oven-Dried Samples 
Air-Entrained Air-Entrained Plain 
Mix Plain Concrete Concrete Plain Concrete) “" Concrete Concrete pmeomrry 
Coeff | Satu- Coeffi- | Satu- ‘Cont. Coeffi- Coeffi- Coeffi- 
cient? D cient® D cient® D cient® D cient? cient? 
+ 4.9 —67 93.9 4.3 —60 | 91.6 3.8 —20 4.3 +124 4.2 3.9 
6.0 87.0 5.7 —56 | 83.1 6.6 —2 —42 5.1 5.2 
No. 1118...... 4.9 —18 94.5 4.2 —35 80.8 4.5 —12 4.7 
4.4 —12 99.4 4.8 —39 74.6 3.8 —25 4.4 —21 
No. 1128...... 3.9 —15 | 88.7 3.8 —19 75.2 4.1 —18 3.5 —35 oe 
No. 1142...... 3.8 +7 96.7 2.9 —5 73.3 3.6 +15 3.8 —35 a eae 
No. 1167...... 4.9 +30 | 100.0 4.7 —3 69.6 4.2 +316 4.1 +403 4.5 4.4 
No. 1179...... 5.5 +9 | 69.3 ate 4.3 +650 4.2 
No. 1180...... 4.5 +3 83.1 3.9 +670 5.0 
No. 1181...... ‘ 4.4 -3 79.6 4.0 (+1061 4.6 
No. 1182...... — 5.2 +10 | 74.8 was 4.1 +415 om 4.3 
wee. 2206...... 5.4 —5 | 98.7 5.2 —22 | 83.4 4.9 | +37 4.6 —1 4.1 4.4 
No. 1207...... 5.4 | +25 67.8 | | 5.0 | +515 
No. 1213...... 4.4 | —25| 177.8 4.8 +45 | 4.4 
No. 1221...... 5.1 | +6) 95.4 3.8 | —24/ 75.5 | 4.1 | +20 4.0 +26 4.0 5.0 
Ss 5.3 | +4] 87.4 | 4.8 —45 | 75.3 4.7 | +23 | 4.8 +9 3.5 4.3 
® Thermal coefficient is in millionths per deg Fahr. nia 


saturation were exceeded. The obvious 
conclusion is that vacuum saturation 
does not produce 100 per cent saturation 
and in some cases may be less than 91 
per cent. Probably aggregate porosity, 
density, water-cement ratio, entrapped 
and entrained air, and many other 
factors affect the degree of saturation. 
Sealed or nearly sealed small voids in 
air-entrained concrete, which are very 
hard to fill completely, probably in- 
fluence moisture interchange. This is 
indicated by comparing the moisture 
content of the plain and air-entrained 
fog-cured specimens (70 to 100 per cent 


tion or above, expand at some tempera- 
ture below freezing. In concrete this 
expansion starts between 23 and 27 F, 
averaging 24 F. This action produces a 
definite upward surge of the curve (Fig. 
5) which does not return to indicate 
final thawing until the temperature has 
returned to 32 F or above. Figure 9 
shows a curve for neat cement. When the 
concrete or mortar temperature returns 
to 70 F, an upward displacement or 
permanent set is usually evident. This 
displacement is usually less than the 
freezing expansion, especially when the 


movement is large. — 
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CONCLUSIONS 


1. Similar rocks from different sources 
may have totally dissimilar coefficients 
of expansion. 

2. Anisotropy is likely to exist in 
rocks having crystalline structure, es- 
pecially if some degree of orientation is 
present. 

3. The principal factor contributing 
to the thermal coefficient of neat cement 
is moisture content or per cent saturation 
of the sample. While many factors, in- 
cluding fineness and chemical composi- 
tion, contribute to thermal coefficient, 
their contributions are probably con- 
trolled by the degree of saturation of the 
sample. 

4, In neat cement an “optimum” 
moisture content produces a maximum 
thermal coefficient. The thermal coeffi- 


saturated condition, slightly higher when 
oven dried, and maximum at some inter- 
mediate moisture content. The maximum 
thermal coefficient of neat cement, for 
some specimens, is approximately double 
the minimum value. 

5. A specimen above a critical degree 
of saturation will expand excessively 
upon a single freezing and break apart 
in a very few cycles. 

6. The coefficient of thermal expansion 
of concrete can be determined from the 
weighted averages of the coefficient of 
thermal expansion of the various con- 
stituents if the correct moisture effect 
can be determined. 

7. Durability and thermal coefficient 
of expansion are both affected by the 
ease with which concrete becomes sat- 
urated and the degree of actual satura- 


cient of neat cement is minimum for.a __ tion. 
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Mr. Husert Woops.'—Figure 7 ap- 
pears to relate the fineness of the cement 
to the thermal coefficient of expansion of 
the neat cement bars made from those 
cements. I presume they were not com- 
pletely hydrated, were about the same 
age, and therefore not the same degree of 
hydration. Would that be a correct 
assumption to make? A possible explan- 
ation for the apparent relationship be- 
tween the fineness of the cement and the 
coefficient of expansion might be offered. 
If the bars were tested at the same age, 
then there would be in the various speci- 
mens different amounts of hydrated ce- 
ment; therefore the cement specimen 
tested would be really a composite speci- 
men consisting in part of unhydrated 
cement and in part of hydrated cement. 
These two substances have different co- 
efficients of expansion, so what you are 
measuring would be a composite coeffi- 
cient of expansion of two different things. 
I wonder if there was any information to 
throw light on whether that was the case 
or whether there is any real effect of fine- 
ness on the coefficient of expansion of the 
completely hydrated cement paste? 
Mr. VAN BREEMEN.?—I 
understand that, in a saturated condi- 
tion, if the temperature of the concrete 
falls below the freezing point the con- 
crete will actually expand rather than 
continue to contract. If this is so, could 
we then say that in the case of a concrete 
pavement that has been exposed to con- 


1 Director of Research, Portland Cement Assn., 
Chicago, Ill. 

2 Supervising Engineer, Engineering Research and 
Sis New Jersey State Highway Department, Trenton, 
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siderable rainfall immediately prior to 
the occurrence of very cold weather, the 
slabs will at first contract as the tempera- 
ture lowers, but that when freezing tem- 
perature has finally been reached they 
will then begin to expand? 

Mr. H. S. Metssner.2—I would agree 
to that, yes. 

Mr. E. C. Hiccrnson.*—About 26 F 
is usually the temperature where they 
begin to expand. 

Mr. VAN BREEMEN.—I take it then 
that if the change in length were to be 
plotted graphically, there would be a 
change in the gradient at about 26 F. 

Mr. Hiccrinson.—Below 26 F the 
gradient would go up. 

Mr. C. H. would seem 
that in any question of incompatability 
in relation to thermal expansion of the 
constituents of concrete, it is equally im- 
portant that consideration be given to 
the modulus of elasticity of these com- 
ponents. The internal stress that may 
develop due to differing characteristics 
of the components is affected equally by 
the thermal coefficient of expansion and 
by the modulus of elasticity. I would 
like to ask if both of these factors were 
given consideration in this study. 

Mr. MEIssNER.—Mr. Mitchell made 
no analysis of those effects. He did not 
take that into consideration in the paper. 
There is no discussion of that but cer- 
tainly such conditions do exist. 

In answer to Mr. Van Breeman, you 


3 Research Engineer, U.S. Bureau of Reclamation, 
Denver, Colo. 

4 Formerly, Head, Concrete Laboratory, Bureau of Re- 
clamation, Denver, Colo. 

5 Head, Department of Applied Mechanics, Kansas 
State College, Manhattan, Kansas. ; 
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will recall that there were negative “ D” 
values under some circumstances; this 
showed that concrete contracted further 
as the temperature declined. If you 
would say saturated concrete I would 
agree with you that concrete usually 
expands when frozen. 

Mr. L. J. MircHert (author’s clo- 
ure).— The assumed conditions which 
Mr. Woods’ proposes are correct. How- 
ever, the amount of water in the mix and, 
hence, in the final hardened mass is also 
a factor. I believe that Mr. Meyer found 
that coefficient of thermal expansion de- 
creased with age and increasing hydra- 
tion. This would seem to contradict the 
theory that more complete hydration 
caused a higher coefficient of expansion 
in the product. The mixes, T-1 to T-6, 
inclusive, in Table II would seem to sus- 
tain either the water content theory or 
the fineness theory about equally well. 
These are the best controlled, most thor- 
oughly uniform series of specimens 
tested. The cements were all identical 
ages when mixed, mix conditions were 
identical as the time was the same, and 
tests were at approximately the same 
age. The uniformity control on these 
cements was also good compared even to 
laboratory blends, such as A-777, which 
are used for laboratory tests and com- 
parisons. This later cement, A-777, while 
being as nearly uniform throughout as is 
possible to make a large amount of a 
blend, shows evidence within this table 


that tests made at different times from 
different drums of this one cement can- 
not be depended upon to show a trend 
in this test. One or two isolated pairs 
of specimens are now available with con- 
trol comparable to the above. These spec- 
imens show results that are similar to 
those shown in Fig. 7. However, I do 
not attribute this effect to any one thing. 
I believe that it is caused by those factors 
which go with differences in fineness. 

Mr. William Van Breemen’s assump- 
tions would be correct if an appreciable 
portion of the concrete was above critical 
saturation or about 91 per cent. 

Commenting on Mr. C. H. Scholer’s 
remarks, it seems unlikely that thermal 
stresses could produce the extreme mag- 
nitudes of movement shown for feldspar 
concrete in Fig. 5, or that this same 
action would take place in neat cement, 
as shown in Fig. 9.. Expansion due to 
the formation of ice could account for 
the observed expansions. 

I cannot fully explain the negative 
“D”’ values mentioned by Mr. Meissner. 
One theory says that since the coefficient 
of expansion of ice is much greater than 
that of the other materials present in the 
concrete, it will (where it does not expand 
enough to disrupt the surrounding ma- 
terial) act as an additional aggregate of 
higher coefficient and thus cause the 
change in slope of the curve after passing 
the temperature where freezing takes 
place. 
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SIGNIFICANCE OF TESTS FOR CHEMICAL REACTIONS 
OF AGGREGATES IN CONCRETE* 


By LeErca! 


SYNOPSIS 


The chemical reactions involving aggregates in concrete may be beneficial 
or deleterious depending on the nature of the reactions. The chemical reac- 
tions that increase the bond between the aggregate and the matrix may be 
’ beneficial, while those that cause abnormal expansion and consequent map 


cracking are deleterious. There are no direct tests to evaluate the beneficial 
reactions, but results obtained by some performance tests, together with 


BENEFICIAL CHEMICAL REACTIONS 


The bond between the aggregate and 
the matrix has a significant effect on the 
strength, permeability, and durability of 
concrete. It is probable that the bond is 
affected by chemical reactions at the 
surface of the aggregate and by the sur- 
face texture or other characteristics of 
the aggregate. There is no suitable direct 
method available for measuring the bond 
between the aggregate and the matrix. 
The strengths obtained in testing the 
mortar-making properties of fine ag- 
gregates (ASTM Method C 87 — 52), the 


* Presented at the Fifty-sixth Annual Meeting of the 
Societ: a 28-July 3, 1953. 
Head, Performance Tests Portland Cement 
Met es 
erties of Fine - 1952 
Part 3, p. 


observations made in connection with the tests, give some indication of the 
bond between the aggregate and the matrix. Extensive studies have been 
made in recent years of the deleterious reactions of aggregates in concrete 
that can cause abnormal expansion. The Society has adopted three tentative 
methods of tests for aggregates to determine their potentiality for producing ab- 
normal expansion in concrete. Additional methods of test have been described 
or are being studied. Some of these tests can be used also for the study of re- 
active siliceous admixtures or other inhibitors that may reduce or eliminate 
the expansion. This paper discusses the significance of these various tests for , 
chemical reactions of aggregates in concrete. 


» 


compressive strength of concrete cylin- 
ders (ASTM Method C 39-49),? and 
flexural strength of concrete (ASTM 
Method C 78 — 49),4 and visual observa- 
tions made in connection with these tests 
provide some information about the 
bond. High strengths are some indication 
of a good bond. When it is observed that 
breaks occur through the aggregate, there 
is evidence of good bond. When the break 
occurs around the aggregates and they 
can be pulled out of their sockets, there is 
evidence of a poor bond. The entire prob- 
lem of the chemical and physical factors 


3 Method of Test for Compressive Strength of Melted 
Concrete Cylinders (C 39-49), 1952 Book of ASTM 
Standards, Part 3, p. 1040. 

Test Flexural Strength of Concrete 

with Third-Point Loading) 
52 of ASTM Standards, Part 3, p. 1051. 
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that influence the bond between ag- 
gregate and matrix is one that deserves 
further study. 


DELETERIOUS CHEMICAL REACTIONS 


The recognition of deleterious chemical 
reactions of aggregates in concrete is 
relatively recent. Prior to about 1940, 
most aggregates were usually considered 
to be chemically inert as used in concrete. 
The publication in 1940 of papers by 
Thomas E. Stanton on “Influence of 
Cement and Aggregate on Concrete Ex- 
pansion” and “Expansion of Concrete 
Through Reaction Between Cement and 
Aggregate”’ (2) clearly demonstrated that 
certain reactive silica constituents, pres- 
ent in some aggregates, can react with 
the alkalies in cements to cause abnormal 
expansion and map cracking in mortars 
and concretes. These observations led to 
an intensive study in many different 
laboratories of the entire problem of 
chemical reactions of aggregates in con- 
crete. These studies confirmed the origi- 
nal finding by Stanton that the alkali- 
aggregate reaction can cause abnormal 
expansion in concrete, and they have 
indicated also that there probably are 
other, not yet clearly defined, chemical 
reactions of aggregates in concrete that 
can cause abnormal expansion. The 
studies have been directed also toward 
developing: (1) methods of test for ag- 
gregates to determine their potentialities 
of producing deleterious chemical re- 
actions in concrete, and (2) methods of 
tests for inhibitors including reactive 
siliceous admixtures that minimize or 
eliminate the abnormal expansion result- 
ing from the reactions. 


TESTS FOR DELETERIOUS REACTIONS 

The significance of the various tests 
for deleterious reactions of aggregates in 
concrete will be discussed. 


5 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 988. 


Field Service Records: 


The service records of concrete struc- 
tures provide the best information for 
the selection of aggregates. When an ag- 
gregate has been used extensively, with 
cements of different compositions, and 
the structures have good service records, 
it can be assumed that the aggregate 
does not contain material that produces 
deleterious chemical reactions in con- 
crete. However, it is often necessary to 
use aggregates from new sources of 
supply, or in different combinations, 
where such service records are not avail- 
able. It then becomes necessary to make 
laboratory tests to determine the po- 


tential reactivity of the aggregates. 


Beginning with the work by Stanton 
in 1940, followed by that of a number of 
other investigators, a mortar bar test for 
potential reactivity of cement-aggregate 
combinations was evolved. In 1950, it 
was issued as an ASTM Tentative 
Method of Test for Potential Alkali Re- 
activity of Cement-Aggregate Combina- 
tions (C 227). The scope of this test 
states that: 


Mortar Bar Tesi: 


This method of test is intended to deter- 
mine the potential expansive alkali reactiv- 
ity of cement-aggregate combinations by 
measuring the expansion developed by the 
combinations in mortar bars during storage 
under prescribed conditions of test.® 


It can be used for both the fine and 
coarse aggregate. The fine aggregates are 
tested in a grading meeting the require- 
ments of the specifications for the project. 
The coarse aggregates are crushed, 
sieved, and recombined to a grading 
specified for the test. The test has been 
used extensively by a number of different 
laboratories and is usually considered to 
be the most reliable test now available for 


6 1952 Book of ASTM Standards, Part 3, p. 44. 
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determining the potential alkali re- 
activity of aggregates. It can be used also 
for studies of inhibitors that reduce or 
eliminate the expansion. The disadvan- 
tage of this method is that it requires 
several months to obtain conclusive 
results. 

The ASTM Tentative Specifications 
for Concrete Aggregates (C 33 - 52 T), 
contain the following note for both fine 
and coarse aggregate: 


Fine (coarse) aggregates producing exces- 
sive expansions, when tested for potential 
alkali reactivity in accordance with the Ten- 
tative Method of Test for Potential Alkali 
Reactivity of Cement-Aggregate Combina- 
tions (ASTM Designation: C 227), contain 
injurious amounts of reactive materials. Fine 
(coarse) aggregates that have shown harmful 
reactions in concrete generally have pro- 
duced expansions of more than 0.05 per cent 
at 6 months or 0.10 per cent at 1 yr when 
tested with a cement containing alkalies in 
excess of 0.8 per cent expressed as sodium 
oxide. However, aggregates that produce 
expansions of more than 0.05 per cent at 6 
months but less than 0.10 per cent at 1 yr 
should not be expected to be harmful.” 


Stanton (2) made up mortar and con- 
crete bars of California (Oro Fino and 
Coyote) fine and coarse aggregates and 
then subjected some of these bars to 
continual wetting, some to continual dry 
exposure under normal laboratory tem- 
perature and humidity conditions, and 
some to alternate wetting and drying. In 
some cases the wetting-and-drying cycle 
involved drying in an oven at 150 F and 
soaking in water at 70 F and drying at 
150 F and soaking in water at 160 F. No 
excessive expansion was observed under 
any of these conditions of test even 
though pavements constructed with these 
aggregates had developed excessive ex- 
pansion and map cracking. In the 
meantime, however, when the cover 


+1952 Book of ASTM Standards, Part 3, p. 898. 
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was removed from a 2 by 4-in. mortar 
cylinder which had been cast and re- 
tained in a tin container for one year, 
the specimen was observed to be covered 
with blotches fringed with a white 
efflorescence, and in a short time the 
entire specimen became covered with 
cracks similar to those observed in pave- 
ments and structures in the area under 
investigation. It was apparent that when 
the specimens were kept in sealed con- 
tainers, or at least protected from any 
drying out, but at the same time pre- 
vented from any leaching of salts by 
immersion in water, a chemical reaction 
was taking place which caused an exces- 
sive expansion of the mortar. These 
observations led to the procedure of 
storing the mortar bars over but not in 
contact with water, in tightly sealed 
metal containers (ASTM Method 
C 227)$ 

Figure 1 illustrates the expansion of 
sand-cement mortars in the mortar bar 
test as influenced by the type of sand and 
the alkali content of the cement. The six 
cements used in these tests had total 
alkali contents expressed as Na2O ranging 
from 0.45 to 1.14 per cent. These results, 
reported by Stanton (2), show that the 
Monrovia sand is not reactive and does 
not develop excessive expansion with 
any of the cements. The Salinas River 
and Oro Fino sands are reactive, and 
with these sands the expansion appears 
to be related to the alkali content of the 
cement and is not excessive when the 
sands are used with a low-alkali cement 
in this combination. 

A number of investigators (3-6) have 
studied the effect of storage temperature 
on the expansion obtained with the 
mortar bar test in an attempt to ac- 
celerate the test. The results of these 
studies have shown that the expansion 
occurs more rapidly and is usually higher 
for specimens stored in the covered con- 
tainers at 100 F than that of companion 
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Lad 


servations were confirmed by tests made 


specimens stored at 70 F or at tempera- 
tures slightly higher than 100 F.. These 
observations led to the adoption of the 
storage temperature of 100 + 3F in 
ASTM Method C 227.6 


by the Portland Cement Assn. As a result 
of these findings the method for determin- 
ing the flow of the mortar was modified 
in ASTM Method C 2278 to permit the 
use of a higher amount of mixing water. 
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Age , months 
Fic. 1.—Expansion of Sand-Cement Mortars as Influenced by the Type of Sand and the Alkali 


Content of the Cement. 


From paper by Thomas E, Stanton (2). 


Stanton (7) reported that the rate of 
expansion of the mortar bars may be 
materially accelerated by increasing the 
percentage of mixing water used in the 
preparation of the mortars. these ob- 


The subcommittee on Durability of 
Concrete, ASTM Committee C-9 on 
Concrete and Concrete Aggregates, con- 
ducted a cooperative series of tests to 
determine the reproducibility of results 
obtained in the mortar bar test for 
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potential alkali reactivity of cement- 
aggregate reaction. The results of these 
tests were published in 1946 (8). Other 
investigators have reported on results 
obtained by using the test (9-16). It has 
been found, in most cases, that when 
natural reactive aggregates are used with 
different cements the expansion increases 
with increasing alkali content of the 
cement. However, Hanna (10) and Woolf 
(16) obtained excessive expansion with 
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Method C 227).* He lists a number of 
typical cases of failure of concrete struc- 
tures through an adverse reaction be- 
tween cement and aggregate where the 
field experience was in each case subse- 
quently checked by laboratory tests. In 
other cases when laboratory tests indi- 
cated potential reactivity, subsequent 
field inspection confirmed the suspected 
activity in structures in which the same 
aggregates had been used with a high- 


\Control- No Fozzolan 
ozzolar 


moisture at 100 F. 


low-alkali cements when small amounts 
of a highly reactive opaline material 
were used in combination with a neutral 
aggregate; results of this type have not 
been reported in tests using natural- 
occurring aggregates. 

There appears to be a very good corre- 
lation between results obtained with the 
mortar bar test and the performance of 
the aggregates in pavements and struc- 
tures. Stanton (17) has reported that it is 
seldom possible to establish as positive 
a correlation between laboratory tests 
and field experience as has been estab- 
lished by the mortar bar test (ASTM 


Pure Quartz—Raw 
a 
gost 
\- Davis Dam Pozzolan-Raw 
& Friant Pumicite 
4 
wi: == 
_ | “Davis Dam Pozzolan- Calc 1S500F 
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Age, months 
Fic. 2.—Pozzolans Variously Reduce the Expansion of Reactive Mortar. 
From paper by H. S. Meissner (22). 


1 by 1 by 10 in. bars. 1:2.25 mortar made witn high alkali cement (1.20 per cent NazO, 0.04 per cent K20) and 
crushed pyrex om sand. Pozzolans replace 20 per cent by weight of the cement. Specimens stored sealed with 


alkali cement. Tremper (18), and Mielenz 
and Witte (12) and Blanks and Meissner 
(19) have reported similarly good correla- 
tions. 

The mortar bar test can be used also 
for studying inhibitors that reduce or 
eliminate the expansion associated with 
the cement-aggregate reaction. A number 
of investigators have used the mortar bar 
test to study inhibitors (10, 15, 22-27). 
Certain calcined reactive siliceous ma- 
terials have been very effective in reduc 
ing the expansion of the mortars as 
illustrated in Fig. 2, and some of them 
have been used with satisfactory results 
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in large dams (22, 26). Although a 
naturally occurring reactive aggregate 
could be used for such tests, a more uni- 
form supply of reactive material would 
be desirable. The Bureau of Reclamation 
has recommended the use of pyrex glass, 
crushed, screened, and recombined to a 
specified grading for this purpose (20-21). 


Petrographic Examination of Aggregates: 


The microscope provides a useful tool 
for identifying the mineral constituents 
in aggregates. The petrographic examina- 
tion of aggregates assumed a rile of 
increased importance when it became 
recognized that the chemical reactions of 
aggregates in concrete may have a 
significant effect on the durability of 
concrete. The Society has adopted a 


TABLE I.—MINERALS REAC- 
TIVE WITH HIGH-ALKALI CEMENTS. 


Reactive Chemical Physical 
Minerals Composition Character 
SiO2- Amorphous 
Chalcedony SiOz } Cryptocyrstalline 
Fibrous 
Tridymite | SiOz Crystalline 


Tentative Recommended Practice for 
Petrographic Examination of Aggregates 
for Concrete (C 295 — 52 T).® It outlines 
procedures for the petrographic exami- 
nation of samples representative of ma- 
terials proposed for use as aggregates in 
concrete. 

A number of papers have been pub- 
lished that show the value of petro- 
graphic examinations as a means of 
identifying potentially reactive minerals 
in aggregates and the source of reactive 
materials and the characteristics of re- 
action products in affected mortars and 
concretes (2, 3, 28, 31, 32). Some minerals 
that may be deleteriously reactive with 
cements (9) are shown in Table I. 


* 1952 Book of ASTM Standards, Part 3, p. 978. 


Chemical Tests for Reactive Aggregates: 


A number of laboratories have studied 
chemical tests for use in determining the 
potential reactivity of aggregates. As a 
result of these studies the Society ac- 
cepted the Tentative Method of Test for 
Potential Reactivity of Aggregates 
(Chemical Method) (C289-52T). 
“This method of test covers a chemical 
method for determining the potential 
alkali reactivity of aggregates and their 
potentiality for producing abnormal ex- 
pansion in concrete when used with high- 
alkali cement. It is based on the amount 
of reaction of the aggregate with a 
sodium hydroxide solution under con- 
trolled laboratory conditions of test.’ 

The test is based on extensive studies 
by Mielenz, Greene, and Benton (33). The 
potential reactivity of an aggregate is 
measured by the amount of silica dis- 
solved by a 1N sodium hydroxide solu- 
tion from a representative sample of 
aggregate crushed to the No. 50-No. 100 
size, and the concomitant reduction in 
alkalinity of the solution. It is a rapid 
test. The samples can be prepared, the 
test run, and the necessary chemical 
analyses completed in three working days. 
It is an empirical or experience test. The 
authors tested a large number of aggre- 
gates by the chemical method and used 
the same aggregates in combination with 
a high-alkali cement in the mortar bar 
test, ASTM Method C 227. They then 
plotted the results of the chemical test, 
silica dissolved versus reduction in alka- 
linity, and drew a line through the dia- 
gram to separate the innocuous aggre- 
gates, those showing less than 0.1 per 
cent expansion at one year in the mortar 
bar test, from the reactive aggregates, 
those showing more than 0.1 per cent 
expansion, as shown in Fig. 3. 

Since a large number of aggregates 
were used in the preparation of this 
diagram, it is assumed that other aggre- 


“1952 Be 1952 Book of ASTM Standards, Part 3, p. 943. 


e- 
n 
i- 
it 
d 
1- 
12 
nd 
th 
1Z 
er 
A- 
30 
or 
h 
or 
ir 
9) 
A- 
Cc 
US 
m 
ts 


984 LERCH ON CHEMICAL REACTIONS OF AGGREGATES IN CONCRETE 


gates can be identified as innocuous or _ ence of reactive material in the aggregate, 
reactive by subjecting them to the chemi- but they do not always give assurance 
cal test, plotting the results ina diagram that it is present in the proportion re- 
similar to Fig. 3, and using the same line quired to cause abnormal expansion. 
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o Year when Used with Cement No. 2742 (1.38% Alkalies). 
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Fic. 3.—Results of Chemical Test with NaOH Solution. 
From paper by Richard C. Mielenz and Leslie P. Witte (12). 


of demarcation. Results obtained with A Wetting-and-Drying Test for Predicting 
the chemical test have been discussed in Cement-A ggregate Reaction: 

other publications (12, 14, 15, 34). The — Scholer and Gibson (35), and Scholer 
results can be used to identify the pres- (36) have described a heating-drying and 
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cooling-soaking test for studying dele- 
terious cement-aggregate reactions. It is 
a modification of a test used earlier by 
Gibson (37). The test provides for ex- 
posing saturated specimens of concrete 
to a drying condition at 130 F for 8 hr, 
followed by immersion in water at an 
initial temperature of 70 to 80 F for 16 
hr. The cycle is repeated 6 days each 
week, the specimens remaining immersed 
over Sunday. The percentage expansion 


tained with this test are shown in Fig. 4 
where Kaw River, Kans., sand-gravel 
aggregate was used in combination with 
24 different cements for these tests. 
The wetting-and-drying test can be 
used also for studying inhibitors that 
can be used to reduce or eliminate the 
abnormal expansion resulting from a 
deleterious cement-aggregate reaction. 
Figure 5 shows how additions of neutral 
coarse aggregates reduce the expansion 
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Fic. 4.—Expansion of Concretes Made with 
Cements. 


Kaw River, Kansas, Aggregate and 24 Different 


From paper by C. H. Scholer and W. E. Gibson (34). 


developed by the test specimens pro- 
vides a measure of the potential cement- 
aggregate reaction. An expansion of 0.07 
per cent or more at one year (285 cycles) 
indicates a reactive cement-aggregate 
combination. The results obtained with 
this laboratory test are in good agree- 
ment with the performance of compara- 
ble specimens in long-time outdoor ex- 
posure and with the performance of 
similar materials when used in pavements 
and structures. The type of results ob- 


that occurs with Republican River, Neb., 
sand-gravel aggregate. Other publica- 
tions have described the use of this test 
for studying pozzolans (38, 39). 


The Mason Jar Test: 


Woolf and Smith (40, 41) proposed the 
Mason jar test as a rapid qualitative 
method of testing mortar or concrete for 
alkali-aggregate reaction. The interior 
surface of the jar is coated with a chlorin- 
ated rubber or vinyl resin base paint to 
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prevent a reaction between the glass and 
the concrete. The jar is then filled to the 
neck with concrete, the cap fastened, and 
the concrete allowed to harden. A small 
amount of water, about 25 ml, is then 
added, the cover replaced, and the jar 
is set aside for observation. Expansive 
reactions within the concrete crack the 
Mason jar. The time required to crack 
the jar and the number of cracks pro- 
vides a measure of the chemical reaction 
of the aggregates in the concrete. The 
authors claim that a period of test of 28 
days appears to be sufficient for the de- 
tection of aggregates which may be con- 
sidered too susceptible to reaction with 


OF AGGREGATES IN CONCRETE 


change of cement-aggregate combina- 
tions subjected to variations of tempera- 
ture and water saturation. For this test 
the mortar bars are first cured in the 
molds one day and in water under pre- 
scribed conditions at standard tempera- 
ture for 27 days. They are then stored in 
water for 7 days at 130F followed by 
storage in a drying oven for 7 days at 
130 F. The specimens are then returned 
to continuous water storage at normal 
temperatures. The expansion of the 
test specimens is taken as an indication 
of the relative potential reactivity of the 
cement-aggregate combination. Special 
containers are required for storing the 
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‘Fic. 5.—Expansion of Concretes Made with Republican River, Nebraska, Sand-Grave (N 3-9) 


and Additons of Coarse Aggregates. 


The heavy dash line N 3-9 represents the expansion of the sand-gravel aggregate concrete. 
From paper by C. H. Scholer and W. E. Gibson (34). 


high-alkali cement to warrant their use 
in concrete and that the method is suit- 
able for use in the field, as the equipment 
necessary is inexpensive and can be ob- 
tained readily. The test can be used also 
to study inhibitors that may prevent the 
excessive expansion. Walker (40) con- 
cluded from similar tests that some sig- 
nificant trends are indicated, although 
clear-cut relationships are not shown. He 
expressed doubt about assigning to a 
field test so important a responsibility as 
determining the chemical reactivity of 
aggregates. 


Volume Change of Cement-A ggregate Com- 
binations Subjected to Variations of 
Temperature and Water Saturation: 
Conrow (42) has described a mortar 

bar test for detecting excessive volume 


specimens in a minimum amount of 
water to reduce the leaching of soluble 
salts from the test specimens. Tests of a 
large number of cement-aggregate com- 
binations were reported. A considerable 
number of aggregates used in these tests 
developed excessive expansion. From a 
study of the data, Conrow concluded 
that the abnormal expansion cannot be 
definitely related to any one cement 
constituent but rather to the following 
items: 

1. The quantity and rate of release of 
calcium hydroxide during the hydration 
of the cement, 

2. The alkali content of the cement, 

3. The fineness of the cement, and 

4. The compound composition of the 
cement. 
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The excessive expansion, as developed 
by this test, can be prevented or greatly 
decreased by the addition of a suitable 
pozzolanic material. It has not been 
shown that the results obtained in this 
test are related to the performance of 
similar cement-aggregate combinations 
when used in pavements or structures. 

Subcommittee IIb, Chemical Reac- 
tions of Aggregates in Concrete, of 
Committee C-9, has under way a co- 
operative series of tests to determine the 
reproducibility and significance of the 
test procedures proposed by Scholer and 
Gibson and by Conrow. One of the im- 
portant results of these tests was the 
observation that relatively small changes 
in aggregate combinations resulted in a 
pronounced difference in the expansion 
of the test specimens. 


Miscellaneous Tests: 
A number of additional tests have been 
described. Although it has not been 
shown that the results obtained by these 
tests bear any relation to the performance 
of the aggregates in concrete, they will be 
reported here to complete the record. 
Parsons and Insley (28) described a 
test for determining the reactivity of an 
aggregate which consists of microscopic 
examination of polished surfaces of rocks 
and minerals after etching in various 
alkali hydroxide and sulfate solutions. 
Runner (43) described a pat test for 
observing the chemical reactions of 
aggregates in concrete. For this test, 
pieces of aggregate are placed in the 
bottom of the mold and covered with a 
neat cement paste. The pats are then 
examined periodically for the develop- 
ment of a whitish reaction product on the 
surface which is assumed to result from 
the reaction of the alkalies in the cement 
and certain ingredients in the aggregate. 
Bean and Tregoning (44) tested the re- 
activity of aggregates by immersing them 
in alkali hydroxide solutions under 


definite conditions of concentration and 
temperature. Weight loss of the aggregate 
in the test is a measure of its reactivity. 
Other studies (33) have shown that the 
solubility of an aggregate in alkali solu- 
tions alone is not a significant indication 
of its potential reactivity. 

Alderman, Gaskin and Vivian (45) 
have described a qualitative test for 
cement-aggregate reaction. The test is 
based upon the distortion produced in a 
body undergoing a differential expansion. 
The test specimen consists of a thin bi- 
aggregate slab of cement mortar in which 
a material known to be nonreactive is 
used as aggregate on one side and the 
aggregate to be tested is used on the 
other. The first indication of a reaction is 
given by the development of damp- 
looking spots on the surface of the 
mortar. Expansion is shown by warping 
of the test specimens. Results obtained 
with the test are reported to be in good 
agreement with those obtained with the 
mortar bar test. 


CONCLUSION 


Progress has been made in developing 
methods of test for aggregates to deter- 
mine their potentialities of producing 
deleterious chemical reactions in con- 
crete. Some of these tests can be used 
also for the study of reactive siliceous 
admixtures or other inhibitors that may 
reduce or eliminate the expansion. How- 
ever, there is an urgent need for further 
study of test procedures. Some of the 
most reliable methods currently available 
require such a long time to provide 
significant results that they are not suit- 
able for use as acceptance tests. The 
rapid tests provide valuable information 
that can be used to identify the presence 
of reactive constituents in the aggregate, 
but they do not always give assurance 
that the reactive material is present in 
the proportion required to cause ab- 
normal expansion. 
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Mr. Bryant Mataer.'—Mr. Lerch 
made reference to beneficial and deleter- 
ious reactions, and in a later part of his 
paper he made reference to deleterious 
and innocuous aggregates. The point 
that I would like to make is, that we 


need more information about dis- 
criminating between beneficial, innoc- 
uous, and deleterious reactions and 
aggregates. 

At the present time we can only clas- 
sify the reactions with which we are 
dealing and the aggregates in which we 
are interested, in terms of their behavior 
in concrete. If the concrete is harmed by 
the presence of the aggregate or by the 
fact that a given reaction took place, 
then the aggregate is deleterious and the 
reaction is deleterious. 

I think, however, that it may very well 
be that a particular chemical reaction 
involving a particular class of aggregates 
may, if it goes to a limited extent, be 
beneficial; but if that same reaction, 
involving those same aggregates, goes 
further, it may be deleterious. I suggest 
this, because there are certain pre- 
liminary observations which we have 
made in our laboratory which makes me 
suspect that this may be the case. 

I rather hesitate to be specific, but in 
order to give an example of the sort of 
thing that I am speaking of, I would like 
to mention the chalcedonic chert ag- 
gregates of the Gulf Coast, particularly 
as they occur in parts of Mississippi, 
Alabama, Louisiana, and Texas. The 
quick chemical tests involving the deter- 
mination of solubility and reduction of 
alkalinity in sodium hydroxide indicate 
that these aggregates are almost uni- 


1 Engineer, Concrete Research Division, Waterways 
Experiment Station, Corps of Engineers, Jackson, Miss. 
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formly “deleterious.” Mortar-bar tests 
often indicate abnormal expansion. 
There are, however, very few service 
records which indicate that concrete 
made with these aggregates, even with 
high-alkali cement, has given trouble 
in service. 

Examination of samples of this con- 
crete indicates that the expected chemi- 
cal reaction has taken place, but, and this 
appears to be characteristic, the typical 
alkali-aggregate reaction in those par- 
ticular concretes seems to have been 
beneficial. Mr. Lerch, at the outset of his 
paper, spoke of the beneficial reaction 
which improves the bond between the 
aggregate and the matrix. There are 
indications that the alkali-aggregate re- 
action, if it goes only so far, but not too 
far, does just that. I suggest, therefore, 
that we must consider these things in 
terms of degree, as well as kind, when we 
separate the beneficial from the delete- 
rious, and the innocuous from the del- 
eterious, when we classify both reactions 
and aggregates. 

Mr. Witson C. Hanna2—It was 
noticed in Fig. 1 presented by Mr. Lerch 
that tests were conducted only up to one 
year and that some specimens had little 
expansion. My experience has been that 
where the specimens are examined at the 
age of several years the expansion with low- 
alkali cement may be as high as or higher 
than with the high-alkali cement speci- 
mens. It is well to make a note of that. 
I believe that one cannot depend on 
cements with as little as 0.4 per cent, or 
even 0.1 per cent in some cases, total 
alkali overcoming the unfavorable re- 
sults. 


2 Vice President in Charge of Technical Development, 
California Portland Cement Co., Colton, Calif. 
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PREDICTION OF CONCRETE DURABILITY FROM THERMAL TESTS 


SYNOPSIS 


Data are presented on the effect of aia and | thawing, wetting and 
drying, and other simulated weathering tests on various concretes con- 
taining either natural aggregate or aggregate composed of individual rocks 


OF AGGREGATE* 


By E. C. Hiccrinson! anp D. G. KRetsINcER?® 


and minerals. The effect of thermal coefficient and diffusivity of these ag- 
gregates on the deterioration occuring during these tests is discussed, but 


no correlation is found between the test results and the thermal proper- 


ties of the materials. Evidence is presented showing that the expansion 
occuring in saturated concrete during the measurment of coefficent of ex- 


- pansion can be correlated with freezing-and-thawing test results, thus pro- 
viding a quick method of predicting durability of concretes. 


In recent years, considerable thought 
and effort have been directed toward the 
identification of the causes of concrete 
cracking, spalling, and general disinte- 
gration. In some cases, deterioration has 
been attributed to differences in thermal 
properties of the coarse aggregate, sand, 
and cementing paste. The thermal prop- 
erties of concrete materials that are 
judged possible of causing distress are 
specific heat, conductivity, diffusivity, 
and coefficient of expansion. Since dif- 
fusivity (1)* is related directly to specific 
heat and conductivity, only variations 
in diffusivity and thermal coefficient 
are considered likely causes of distress. 

When considerable differences exist 
between thermal coefficients of the coarse 
aggregate and the mortar or cement 
paste, stresses may exist that are the- 
oretically sufficient to disrupt the con- 


* Presented at the ag | -sixth Annual Meeting of the 
Society, 28-July 3 
1 Former Head, Concrete Laboratory, Bureau of Rec- 
Denver, Colo. 
2 Former Materials Engineer, Bureau of Reclamation, 
Denver, Colo. 
The boldface numbers in parentheses refer to the list 
of be -—4-—. appended to this paper, see p. 
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crete. This may also be the case 
where the coarse aggregate has a dif- 
fusivity value considerably different 
from the matrix. Such stresses have been 
computed by various investigators (2). 
The Bureau of Reclamation is trying to 
determine the cause of unexplained con- 
crete failures in the Kansas-Nebraska 
area. 

The tests reported in this paper were 
performed to determine whether or not 
the thermal variations in the weathering 
tests were the cause of deterioration. Two 
analyses were made; the first to deter- 
mine the relationship between thermal 
properties and the deterioration caused 
by various weathering tests. The second 
is concerned with the correlation of 
freezing-and-thawing durability with 
expansions that occur during thermal 
measurements such as those used by 
Valore (3) of the National Bureau of 
Standards and Mitchell (4) of the Bureau | 
of Reclamation. 


| 
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Test PROCEDURE 


Aggregates composed of individual 
rocks and minerals, including quartz, 
limestone, basalt, marble, feldspar, and 
some natural aggregates that had a wide 
range of thermal property values were 
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Temperature, deg Fahr 


to 310 Cycles 


ever, all specimens were not subjected 
to the same weathering cycle. 

All concretes made for this investiga- 
tion contained #-in. maximum size ag- 
gregate and had water-cement ratios of 


0.51 by weight. Water and cement con- 
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Note: Heavy Vertical Line Indicates Separation 
Between Curing Period and Testing Period 


Fic. 1.—Simulated Weathering Exposures Showing Temperature and Moisture Variations. 


selected for these tests. In addition, 
tests were made on concrete containing 
polished and etched steel balls as a coarse 
aggregate. The specific heat, conductiv- 
ity, diffusivity, and thermal coefficients 
of these aggregates were determined. 
Thermal coefficients ranged from zero 
to nine millionths and diffusivity con- 
stants from 0.029 to 0.104 ft squared per 
hr. Concrete specimens were made con- 
taining each of these aggregates; how- 


tents were varied slightly from mix to 
mix to give slumps between 2 and 3 in. 
Slump, unit weight, and air content 
determinations were made on all fresh 
concretes. Each concrete mixture was 
dry batched in the mixer before adding 
the mix water, after which it was mixed 
for 5 min in a revolving drum-type mixer. 
Specimens included 3 by 3 by 15-in. bars 
and 3 by 6-in. cylinders for weathering 
cycles, 8 by 16-in. cylinders for specific 


| 
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heat, conductivity, and diffusivity tests, 
and 1 by 3 by 3-in. prisms cut from bars 
for thermal coefficient of expansion de- 
terminations. The thermal coefficient of 
expansion was determined on individual 
pieces of aggregate and on the small con- 
crete prisms. Length changes were de- 
termined with an electric strain gage (4) 
sensitive to 1 microinch as the specimens 
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on Fig. 1. Exposures 1 and 2 were sug- 
gested by A. D. Conrow of the Ashgrove 
Lime and Portland Cement Co. Ex- 
posures 3 and 4 are variations of Expo- 
sure 1. Exposure 5 was designed by C. 
H. Scholer (5) of Kansas State College. 
Exposures 6, 7, 8, and 9 were designed 
by the laboratory staff of the Bureau of 
Reclamation. Temperatures in these 


TABLE I.—DESCRIPTION OF AGGREGATES. 


Aggregate Source Description 
8322 Crushed one. Buffalo Park, Colo. Massive, milky, pegmatitic. Pure quartz 
M-945 Crushed feldspar Buffalo Park, Colo. Microcline-perthite feldspar 
M-439 Crushed marble Georgia 
Mainly basalt, granite, and rhyolite rocks 
M-675 Natural sand and gravel Brett ph. Coulee Dam, with less abundant quartzite, sandstone, 
Wash. and mica schist 
M-145 Natural sand and gravel Walt Rodman pit, Kimball,| Gravels: granites, gneisses, schist, quartz, 
Neb. quartzites, and limestones 
| Sand: same as gravel with pink feldspar 
M-149 Natural sand and gravel | Davidson pit, Indianola, |Gravels mainly granites and felds: onl 
Neb. Sand mainl and 
| tive with alkalies in cement 
Sample C-8 Crushed limestone Bridge Canyon Dam site, | Hard, dense, medium- to fine-grained 
Ariz. limestone 
7108 Crushed limestone | . - Dam site, S. | White, massive, firm, fine-grained lime- 
| stone 
7406 ‘ Natural sand | . - Dam site, S. | Mainly sandstone, limestone, and quartz 
| ak. 
8085 Natural sand | Cherry Creek, Colo. | Mainly quartz and feldspar 
8185 Gravel | Clear Creek, Colo. | a granite, granite gneisses, and 
iorite 
2037 Crushed siliceous magne- | Monterey County, Calif. | Siliceous magnesian limestone 
sian limestone 


were passed through a temperature cycle 
of 70 to 15 F and back to 70 F in about 
an 8-hr period. The length changes were 
obtained at 5-day intervals and provided 
valuable information on volume changes 
of saturated concrete. 

All concrete specimens were stored in 
a fog room at 73 F and 100 per cent rela- 
tive humidity for 24 hr immediately 
after casting. Subsequent curings and 
test procedures in the various simulated 
weathering cycles are shown graphically 


weathering cycles vary from 70 to 160 F. 
In some of the exposures there are varia- 
tions in temperature during the curing 
periods and in others the temperature 
variations occurred during the test 
period. In some cases these variations 
were accomplished by the use of water, 
and in others air was used as the heating 
or cooling medium. 

In addition to the weathering cycles, 
some specimens were subjected to ac- 
celerated freezing and thawing (6) in 
both water and in air. The temperature 
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range of the freeze-thaw cycle was 10 to 
70 F, a complete cycle being made in 3 hr 
at the rate of 50 cycles per week. 

Specimers shown in Fig. 5 were sub- 
jected to a total of 125 alternations of 
either 70 F, 50 per cent relative humidity 
storage, 40 to 100 F, or —10 to 100 F 
temperature changes in a dry condition 
prior to being subjected to accelerated 
freezing and thawing in air. This latter 
temperature alternation (—10 to 100 F) 
was used solely to obtain a 110 F tem- 
perature differential. 


mortar with a-thermal coefficient be- 
tween 6 and 7 millionths were combined 
with an aggregate having a thermal 
coefficient between 1 and 2 millionths, 
the resulting concrete may be subjected 
to large internal stresses in climates 
where there are large variations in tem- 
perature. Smaller stresses may also be 
produced by differences in the diffusivity 
of concrete components. 

It is not expected that these tests will 
yield quantitative results. The aggre- 
gates used were selected primarily be- 


TABLE II.—THERMAL PROPERTIES OF CONCRETES AND AGGREGATES. 


De Thermal Coefficient, millionths 
P leat, Btu jity, Btu per) Diffusivity, nsity, 
Specimen per Ib ft hr |sq ft per hr Ib per cu ft 
deg Fahr | deg Fahr Axis 1 Axis 2 Axis 3 
Con 
0.246 1.105 0.0298 150.8 3.95 
M-675 
OE 0.255 1.216 0.0315 151.4 2.32 
$322 Quartz........ 0.232 2.392 0.0698 147.8 5.78 
M-945 Feldspar. ... 0.246 1.152 0.0323 145.0 2.93 
7108 Limestone... .. 0.242 1.302 0.0360 149.1 2.44 
CS 0.234 1.691 0.0462 156.5 3.38 
Weis Basalt? 0.204 0.990 0.0288 168.2 3.24 
M-439 MarbJe® 0.209 1.421 0.0403 168.8 —0.87 2.45 
8322 sts”... 0.175 2.989 0.1038 164.5 5.64 6.79 7.46 
M-945 Feldspar’......... 0.194 1.348 0.0436 159.5 0.49 1.1 9.30 
7108 Angostura Limestone?... .. 0.188 1.542 0.0492 166.6 2.02 
C-8 Bridge Canyon Limestone®.| 0.202 1.870 0.0548 168.8 2.20 


® Brett Pit te 77 per cent basalt. 
b Thermal couiclent values were measured on the rock 


types shown. Other thermal pr. ies values were com- 


uted from data obtained from concretes according to Section 6, Chapter I of Part VII, Boulder Canyon Final Report. 
Tn the case of basalt from the Brett Pit these other thermal properties were corrected for the 23 per cent other material 


present. 


All aggregates are described in detail 
in Table I and the thermal properties 
values for both aggregate and concrete 
are given in Table II. 


Test RESULTS AND DISCUSSION 


These tests were made to investigate 
the hypothesis that a differential in ther- 
mal coefficient of expansion between the 
fine and coarse aggregate or between the 
paste or mortar and the coarse aggre- 
gate will result in deterioration of the 
concrete containing such aggregates. 
Thus, if a paste with a thermal coeffi- 
cient between 8 and 9 millionths* or a 


cause of their range in thermal proper- 
ties. By the use of materials such as 
marble, quartz, feldspar, basalt, and 
limestone, an attempt was made to deter- 
mine qualitatively whether variations in 
thermal properties could definitely be 
identified with deterioration in concrete. 
The discussion that follows points out 
that materials combinations that were 
expected to show deterioration in con- 
crete did not always do so and that some 
combinations that were thermally com- 
patible produced concrete that deteri- 
orated quite rapidly in the various tests. 


Weathering Tests: 
Results shown in Figs. 2 and 3 are 


4 

{ 

d 

i 4 Millionths of an inch per inch per deg Fahr. pe 
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from concretes made with marble, 
quartz, and feldspar, limestone, steel 
balls, and aggregate from Grand Coulee 
Dam. These concretes were subjected 
to one or more of the nine simulated 


weathering exposures shown in Fig. 1. 
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Coulee sand-feldspar gravel combina- 
tion. The marble, limestone, and Grand 
Coulee aggregates produced only small 
expansions in concretes containing these 
materials. 

The results of these tests do not con- 
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Exposure 6 (J Exposure 7 [J Exposure 8 KQ Exposure 9 
Fic. 2.—Expansion Caused by Simulated Weathering Exposures in Concretes Containing Various 


Types of Aggregates 


In the tests represented by Fig. 2, only 
Exposure 2 or the 160 F variation (Ex- 
posure 3) of Exposure 1 produced serious 


expansion, while in the tests represented ° 


by Fig. 3 both Exposures 1 and 2 pro- 
duced expansion. These expansions oc- 
curred in quartz, feldspar, combinations 
of quartz and feldspar, and in the Grand 


firm the hypothesis that prompted 
the investigation. Concrete containing 
marble aggregate gave very good results 
when subjected to the simulated weather- 
ing tests, yet marble has a low thermal 
coefficient of expansion and is aniso- 
tropic. Concrete made with limestone 
from Bridge Canyon Dam site also has a 
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Fic. 3.—Expansion Caused by Simulated Weathering Exposures in Concretes Containing Various 
Types of Aggregates. 
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relatively low thermal coefficient, yet 
it gave a high resistance in the simulated 
weathering tests. 


Freezing and Thawing: 


Concrete made with limestone from 
the Bridge Canyon Dam site gave low 
resistance in the freezing-and-thawing 
test, while concrete made with limestone 
from the Angostura Dam site gave high 
resistance although the thermal coeffi- 
cients of both limestones are low. Quartz, 
which is slightly anisotropic but which 
had the highest thermal coefficient— 
nearest that of the mortar or cement 
paste—showed a very poor resistance to 
freezing and thawing and poor resistance 
to almost all the weathering tests to 
which it was subjected. Feldspar, which 
is highly anisotropic, gave poor resist- 
ance in all the tests as did all combina- 
tions of quartz and feldspar. These 
results indicate that differences in ther- 
mal coefficients of expansion do not 
play an important part in the deteriora- 
tion of concretes. 


Of the materials used in these tests, 


quartz, which has a relatively high ther- 
mal coefficient, should give good results 
when subjected to the temperature varia- 
tions that occur in the accelerated freez- 
ing and thawing test. A partial replace- 
ment of quartz by limestone should 
provide an incompatible aggregate and 
should result in deterioration of a con- 
crete made with the combination. Re- 
sults shown in Fig. 4 are from concretes 
that contain combinations of limestone 
and quartz. These concretes all contain 
#-in. maximum size aggregate and the 
coarse aggregate in each concrete is 
crushed quartz. The bar marked 0 per 
cent contained all quartz sand and the 
one marked 100 contained all limestone 
sand, denoting that 100 per cent of the 
quartz sand in the all-quartz mix was 
replaced by limestone sand. Results of 
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replacements of quartz sand by 5, 10, 
25, 50, and 80 per cent limestone sand 
are shown in the other bars on Fig. 4. 
These data indicate that an increasing 
replacement of quartz by limestone in 
the sand sizes give increasing resistance 
to deterioration. This is contrary to 
what might be expected from a thermal 
incompatibility viewpoint. 


Combined Tests—Heating-Cooling and 

Freezing-Thawing: 

Accelerated freezing-and-thawing tests 
in air were made on concretes that had 
been subjected to 125 cycles of dry tem- 
perature alternations. Some of the speci- 
mens had been stored at 70 F, 50 per 
cent relative humidity; others had been 
alternated between 40 and 100 F, while 
others were alternated between —10 and 
100 F. Length and weight change meas- 
urements were made on all specimens 
during the period of temperature alter- 
nations. The only differences noted were 
in the weights, which evidently changed 
because of moisture loss. The 40 to 100 F 
specimens lost most moisture, —10 to 
100 F next, and 70 F storage the lost least 
moisture. The degree of cracking that 
subsequently occurred in the accelerated 
dry freezing-and-thawing tests is de- 
pendent on this moisture loss and, ap- 
parently, upon the aggregate used. These 
results are shown in Fig. 5. In these tests 
concrete containing quartz and the 
quartz sand-feldspar gravel showed the 
most serious cracking. Test of companion 
bar specimens in Exposures 1 and 5, 
after the temperature alternations, 
showed cracking in only the concretes 
containing Kimball and Republican 
River aggregates. These two materials 
were the only ones used in the tests that 
contained reactive materials. Examina- 
tion of the bars showed evidence of 
alkali-aggregate reactivity; therefore the 
expansions of these bars were evidently 
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due to this reaction. As in the results 
shown in Figs. 2 and 3, there is-no evi- 
dence that thermal properties of either 
the aggregate or concretes contributed 
to deterioration. 


Expansions Occurring During Thermal 
Properties Measurements: 


While determining the thermal coef- 
ficient of saturated aggregates and con- 
cretes, it was noted that some specimens 
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Fic. 6.—Length Change of Concrete and 
Concrete Aggregate During Freezing Cycle. 


showed considerable expansion upon 
freezing. An example of this expansion 
is shown in Fig. 6. A saturated feldspar 
concrete decreased in length in the 
normal manner as the temperature was 
lowered to about 26 F. As the tempera- 
ture continued to drop, the specimen 
showed tremendous expansion. A devia- 
tion at 15 F from the extended normal 
contraction line and the actual length 
change of the specimen is designated D. 
This specimen also showed a permanent 
set when returned to 60 F temperature 
and is designated as SP (Fig. 6). This 
curve was obtained by Mitchell (4) of 
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the Bureau of Reclamation and is similar 
to those obtained by Valore (3) of the 
National Bureau of Standards in a slow 
freezing-and-thawing cycle. 

Although the saturated feldspar aggre- 
gate was thermally anisotropic, length 
change along the different axes remained 
straight lines. Thus, the aggregate was 
not disrupted by freezing action, but the 
saturated concrete containing the feld- 
spar aggregate was. 
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Fic. 7.—Expansion of Saturated Concrete 
During Measurement of Thermal Coefficient. 


The marble specimen shown in this 
figure was also anisotropic and even had 
a negative coefficient along one axis. The 
saturated marble concrete exhibited only 
very slight expansion upon freezing. 

Quartz aggregate showed slightly dif- 
ferent coefficients along the three dif- 
ferent axes, and length changes were 
normal in the freezing range. Quartz 
concrete, however, showed expansion 
very similar to the feldspar concrete. 
Limestone aggregate and concrete were 
similar to the marble; that is, showed no 
‘appreciable expansion on freezing. — 
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Correlation of Expansion with Freeze- 
Thaw Durability: 


A comparison of the accelerated freez- 
ing-and-thawing tests with the Expan- 
sion D (of Fig. 6) that occurs during the 
thermal properties test is shown in Fig. 
7. The expansion measurements made 
during the thermal test were on (a) 
saturated concretes containing quartz, 
feldspar, marble; combinations of quartz, 
feldspar, and marble; two type of lime- 
stone, one from Bridge Canyon Dam site 
and the other from Angostura Dam site; 
on (6) the Bridge Canyon limestone com- 
bined with both quartz and local Cherry 
Creek sand; on (c) the Angostura lime- 
stone combined with natural sand from 
the Angostura Dam site; and (d) on the 
Bridge Canyon limestone sand combined 
with crushed quartz in the coarse-size 
fractions. Accelerated freezing-and-thaw- 
ing tests were made on companion 
specimens that had been fog cured for 28 
days prior to test. 

From the results shown in Fig. 7, it 
seems probable that early failure of con- 
cretes can be predicted, especially when 
the measurement is made on saturated 
concrete. Data shown in Fig. 7 represent 
only a portion of the tests that have been 
made. Although some control was exer- 
cised over the degree of saturation in 
these tests, there was considerable varia- 
tion in most of the specimens; conse- 


quently, correlation of the thermal test 
expansions with durability could not 
always be obtained. However, sufficient 
data, as shown in Fig. 7, have been ob- 
tained to indicate that a correlation will 
exist. Much more work must be done on 
the technique of the test, especially in 
controlling the degree of saturation, 
before a sure correlation can be developed 
and a quantitative evaluation made on 
the ability of various materials to pro- 
duce durable concrete. 


CONCLUSTONS 


1. There is no uniform trend in this 
series of tests that indicates a direct 
dependency of durability on the thermal 
properties of the aggregates. Combina- 
tions of materials, such as marble coarse 
and quartz fine aggregate, which have 
high differences in thermal coefficients, 
showed good resistance to weathering 
action. Aggregates such as quartz and 
feldspar that have quite different dif- 
fusion constants gave uniformly poor 
results in concrete. Limestones with 
almost identical thermal coefficients 
gave quite different results in the freeze- 
thaw tests. 

2. Data obtained during measure- 
ment of thermal coefficients of saturated 
concretes apparently provide a means 
for predicting the freezing-and-thawing 
durability of concrete containing various 
types of aggregates. 
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DISCUSSION 


Mr. Husert Woops.'—The D value 
reported is the expansion that takes 
place during the freezing part of the 
cycle used to determine the thermal co- 
efficient of expansion. Therefore it is 
analogous to the expansion and in fact 
is the expansion that one can observe on 
a concrete undergoing one cycle of freez- 
ing if that concrete is in a saturated 
condition. Is it correct that from the 
expansion taking place in the first cycle 
you have a good idea of what is going to 
take place subsequently, and that the 
expansion is not necessarily related to the 
aggregate itself? 

Mr. Extmo C. Hicernson (author).— 
Not necessarily related to the thermal 
coefficient of the aggregate. 

Mr. Bryant MatHEr.*—The authors 
have emphasized the fact that there are 
many influences that control the dura- 
bility of concrete and that, in the cases 
under discussion, factors other than those 


1 Director of Research, Portland Cement Assn., 
Chicago, Ill. 

2 Engineer, Concrete Research Division, Waterways 
Experiment Station, Corps of Engineers, Jackson, Miss. 


concerning the thermal coefficients of 
the component ingredients were those 
which controlled the durability of the 
concrete. I wish merely to emphasize 
the importance in my opinion of that 
realization, and I think that Mr. Scholer’s 
recent remark in which he called atten- 
tion to the importance of other properties 
of the ingredients fits into this same 
picture. 

With the possible exception of the 
case described some years ago by Mr. 
Pearson,’ there is little, if any, informa- 
tion to suggest that concrete has de- 
teriorated from other than combined 
causes, and even in that case I suggest 
that there were a number of causes in- 
volved. The difficulty of selecting one 
cause and saying that it is primarily 
responsible for the deterioration of the 
concrete is a difficulty that must, I 
think, always be borne in mind when 
attempting to explain observed phe- 
nomena, either in the laboratory or in 
the field. 

3 J. C. Pearson, “A Concrete Failure Attributed to 

ournal, Am. 


Aggregate of Low Thermal Coefficient,” J 
Concrete Inst., Vol. 38, p. 29 (1941). 


4 
1 
1 
1 
t 
il 
e 
e 
g 
d 
f- 
or 
h 
ts 
e- 
e- 
ns 
us 
ac- 
ts., te? 
108 


a! 


% THE SIGNIFICANCE OF TESTS FOR SULFATE RESISTANCE OF 


CONCRETE* 


Pa 


By E. C. Hiccrnson' O. J. Granrz! 


When water or soils containing sulfate 
salts of magnesium or sodium come in 
contact with concrete, a reaction takes 
place which is harmful to the concrete. 
Specifically, the sulfate salts react with 
the hydrated calcium aluminate of port- 
land cement to form crystals of calcium 
sulfoaluminates which occupy a larger 
volume than the reactants. These crys- 
tals force the concrete to expand, thereby 
causing cracking to progress inwardly 
from the surface, which results in even- 
tual disintegration. 

Figures 1 and 2 show the formation 
of crystals of calcium sulfoaluminate and 
the resulting deterioration of the matrix 
in concrete which was exposed to sodium 
sulfate solution. Figure 1 is a photograph, 
having a magnification of 10X. of a 3 
by 6-in. concrete cylinder which was 
exposed to a 2.1 per cent solution of 
sodium sulfate for one year in the labora- 
tory. Figure 2 is a cross-sectional photo- 
graph of a piece of disintegrated concrete 
taken from a floor slab placed in contact 
with a soil containing a high concentra- 
tion of sodium sulfate. Figures 3 and 
4 show the results of sulfate attack on 
concrete floor slabs during an 1il-yr 
period. The slabs were 20 ft wide, 120 ft 
long, and had a thickness of 4 to 5 in. 
The frame housing initially erected upon 
the floor slab was removed in 1947. 
Failure of the concrete appears to be 


* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953. = 

1 Formerly, Head, Concrete Laboratory, and Materials 
= ineer, respectively, Bureau of Reclamation, Denver, 

0. 


the result of sulfate attack alone, since 
the concrete was placed in a warm, dry 
area, with nonreactive aggregates. Figure 
3 is a general view; Fig. 4 shows the 
displacement, about 16 in., which oc- 
curred at an expansion joint as a result 
of the concrete expanding. 

The problem of sulfate attack has long 
been recognized. Investigators have 
made field and laboratory studies (1, 2)? 
of the phenomenon during the last 40 yr. 
For over 20 yr the Denver laboratories 
of the Bureau of Reclamation have been 
one of the groups performing research 
to find economical means of prevention. 
This paper summarizes test methods used 
by investigators and the results obtained 
to date. 


Test METHODS—GENERAL 
Laboratory: 


Test methods used in the various 
laboratories employ specimens of various 
sizes, shapes, and compositions. Small, 
thin, cement pats, rectangular bars rang- 
ing in size from 1 by 1 by 5 in. to 3 by 
3 by 16} in., and cylinders 3 in. in diame- 
ter by 6 in. high, or 2 in. in diameter and 
4in. high have been successfully used. 
The choice of specimens in any investi- 
gation has been left to the judgment of 
the individual performing the test, except 
in the cooperative investigations con- 
ducted by the Working Committee on 
Sulfate Resistance of ASTM Committee 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1010. 
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Fic. 1.—Formation of Crystals of Calcium Sulfoaluminates in Concrete Exposed to Sodium 
Sulfate Attack. 
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Fic. 3.—View of Disintegrated Concrete Slab (20 by 100 ft by 4 in. thick) by Sodium Sulfate 
Bearing Soil. 


ty 
Fic. 2.—Concrete Disintegrated by Sodium Sulfate in Natural Soil. | 
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Fic. 4.—Displacement at an Expansion Joint, Resulting from Expansion of the Concret 
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Fic. 5.—Effect of Concentration of Magnesium Sulfate Solutions on the Compressive Strength of 
Concrete Cylinders. 
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sulfate solution, or combinations of these 
solutions, in concentrations from 0.5 per 
cent to saturation have been used. Con- 


consisting of one part cement to five 
parts Ottawa sand by weight was cast 
_ into 1 by 1 by 10-in. bars. 
Sodium sulfate solution, magnesium 
tainers for holding the sulfate solution 


T T 
o— — | Per Cent (0.084 M) 
\ Mg 
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Noo 
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IN 
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Fic. 6.—Effect of Tricalcium Aluminate Con- 
tent of Cement on the Rate of Expansion of Con- 
crete Exposed to Magnesium or Sodium Sulfate 
Solutions. 


and the specimens are made of stainless 
steel, copper, ceramic crocks, or other 
material which is not corroded by the 
solution. The ratio of specimen volume 
tosolution volume has varied over a wide 
range. Figure 5 shows the effect of con- 
centration of magnesium sulfate solu- 
tion on the compressive strength of con- 
crete cylinders. This curve shows that 
increasing the concentration of the solu- 
tion up to 0.5 per cent causes a marked 
decrease in strength as measured on 
specimens which have expanded 0.25 per 
cent. Increasing the concentration be- 


C-1 on Cement (3). In these tests, mortar 


yond 0.5 per cent has only a slight effect. 
Figure 6 shows Miller’s (4) data on the 
variation of the rate of attack on con- 
crete cylinders made with cements of 
varying tricalcium aluminate content 
stored in either magnesium or sodium 
sulfate solutions. It should be noted that 
the sodium sulfate solution is more harm- 
ful te concrete containing cements high 
in tricalcium aluminate (over 9 per cent) 
and that the magnesium sulfate solution 
is more harmful to concrete containing 
cements low in tricalcium aluminate (less 
than 8 per cent). Laboratory tests have 
shown that concrete exposed to solutions 
at temperatures between 40 and 100 F 
expands faster than concrete subjected 
to solutions at higher temperatures, with 
the fastest rate occurring at 100 F. Al- 
though this is an excellent temperature 
for obtaining fast laboratory test results, 
tests made at this temperature may be 
more expensive than those performed at 
lower temperatures. 

Testing procedures include innumer- 
able methods of curing, test cycles, and 
criteria for determining the progress of 
sulfate attack. Both the methods of 
curing and the test cycles have included 
variations in the exposure period, the 
drying period, and the temperature at 
which drying is carried out. In addition 
to visual observation for determining the 
progress of attack, four other measure- 
ments have been used by various labora- 
tories. These are changes in volume, 
weight, compressive strength, and mod- 
ulus of elasticity as measured by the 
dynamic method. 


Field: 


Specimens used in field exposure tests 


have largely been 6 by 12-in. concrete 
cylinders and rectangular bars ranging 
from 3 by 3 by 15 in. to 6 by 6 by 48 in. 
Specimens have been exposed to sulfate- 
bearing soils, groundwater, and lakes 
containing large concentrations of sul- 
fates. In a few instances, special exposure 
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ponds have been constructed outdoors. 
Field exposure tests are subject to 
changes in climatic conditions, and in 
cold climates freezing and thawing makes 
evaluation of the sulfate attack more 
difficult. In general, field exposure tests 
are more difficult to evaluate than labo- 
ratory tests because they take place 
under uncontrolled conditions. 
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at 5 + 1 per cent. Cylinders are cured 
14 days at 73.4 + 3 F and 100 per cent 
relative humidity, followed by 14 days 
at the same temperature and 50 per cent 
relative humidity. The test cycle con- 
sists of 28 days immersion in 2.1 per 
cent sodium sulfate solution maintained 
at 73.4 + 3 F, followed by 24 hr of 
drying in laboratory air. 


\ 


\ 


Laboratory 3x6- 
Inch Concrete 
Cylinders 

3 


p3x3x16% - Inch Concrete Bars 
A Columbia Basin Field Exposure 


T 
Sacks per cu yd 


Years to 0.05 per cent Expansion 


3 Type I------ 
64 Sacks Sacks per cu yd 
percu yd” 
Laboratory Sacks pe y 
/x1x5-Inch Lean cu yd 
(Porous) Mortar Bars’ 
4 5 6 7 8 9 10 12 13 


Tricalcium Aluminate (C3A), per cent 


Fic. 7.—Effect of Tricalcium Aluminate Content of Cement and Richness of Mix on the Rate of 
Expansion of Concrete Exposed to Sulfate Waters. 


BUREAU OF RECLAMATION TESTS 
Laboratory: 


Based upon the experience gained by 
several years of testing and many varia- 
tions in specimens and procedures, a 
satisfactory test method has been de- 
veloped by the Bureau of Reclamation. 
Standard specimens are 3 in. in diameter 
by 6 in. high and are fabricated from 
concrete containing aggregate graded up 
to 3-in. maximum size; the grading being 
“standard” for all mixes. The water- 
cement ratio is fixed at 0.51 by weight, 
the slump at 3 in. and the air content 


The original length of each specimen 
is measured at the end of the 28-day 
curing period and just prior to immersion 
by a comparator accurate to 0.0001 in. 
Similar measurements are made at the 
end of each drying period and the ex- 
pansion, based on the original length, 
is computed in per cent. When specimens 
have expanded 0.2 per cent, they are 
considered to have failed, and their age 
in days is recorded. 7 


Field: 


The Bureau has engaged in only one 
series of field tests to date. This investiga- 
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Fic. 8.—Effect of Air Entrainment of the Sulfate Resistance of Concrete. _ ; 
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Fic. 9.—Effects of Calcium Chloride Additions and Air Entrainment on the Resistance of Con- 
crete to Sulfate Attack. 
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tion was started in 1945 on the Columbia 
Basin Project in Washington and is still 
in progress. Eighteen cements, including 
ASTM types I, II, and V from seven 
plants located in the Northwest, are 
under test in concrete. Calcium chloride, 
one air-entraining agent, or both, were 
used in some specimens. A total of 96 
different concrete mixes were made, from 
which 6 by 12-in. cylinders, 3 by 3 by 
16}-in. bars, and 6 by 6 by 48-in. posts 
were fabricated. The test specimens, with 
the exception of the large posts, are 
totally immersed in a 4 to 5 per cent 
solution of sulfate obtained by dissolv- 
ing a natural salt cake that is predomi- 
nantly sodium sulfate. The posts are 
only partially immersed so that the ac- 
tion at the water line might be observed. 
It is planned that this study will last 
over a period of fifty years. Concretes 
similar to those used in the field are also 
being tested in the Denver laboratories. 
The first analysis of the field and labora- 
tory results was made at the end of six 
years, and for this analysis, the number 
of years required for the specimens to 
expand 0.05 per cent was selected as a 
basis for comparison. 

The 6-yr test results are shown graph- 
ically in Figs. 7, 8, and 9. Figure 7 shows 
that the sulfate resistance is indirectly 
proportional to the tricalcium aluminate 
content of the cement in the concrete. 
Type V cement containing a maximum 
of 5 per cent tricalcium aluminate is most 
effective in protecting concrete subjected 
to severe attack. Increasing the cement 
content increases the sulfate resistance 
of concrete; however, 73 sacks of type 
II cement per cubic yard are required 
to make concrete approaching the same 
sulfate resistance as 43 sacks of type V 
cement. Figure 7 also shows that labora- 
tory tests lead one to about the same con- 
clusions as do field tests, but in a shorter 
period of time. Denver laboratory data 
shown in Fig. 8 indicate that air-entrain- 
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ment does not materially affect the sul- 
fate resistance of concrete. Five type II 
cements and two air-entraining agents 
were used: agent A a triethenolamine 
salt of a sulfonated hydrocarbon and 
agent B a calcium salt of a wood resin 
soluble in coal-tar solvent and insoluble 
in petroleum hydrocarbon solvent. In a 
few individual tests, air entrainment had 
a detrimental effect on the sulfate re- 
sistance. At equivalent air contents, there 
is some evidence that the agent used 
may affect the sulfate resistance slightly. 
A more comprehensive series of tests 
using several representative types of air- 
entraining agents is in progress. 

Figure 9 shows that the addtion of 2 
per cent calcium chloride to plain or air- 
entrained concrete has a deterimental 
effect on sulfate resistance. The magni- 
tude of this effect is approximately the 
same when compared to the plain con- 
trol concretes. Consequently, it appears 
that calcium chloride should not be 
added to either plain or air-entrained 
concrete which will be subjected to sul- 
fate attack. 


Pozzolanic Material: 


The effects of pozzolanic materials on 
the sulfate resistance of concrete have 
not been fully determined. Completed 
preliminary tests and those now in prog- 
ress indicate that the use of any of the 
various types of pozzolanic materials 
should not be expected to increase or de- 
crease significantly the resistance of con- 
crete to sulfate attack. There are some 
data, however, that indicate the use of 
either water-cooled slag or fly ash slightly 
improves this resistance while calcined 
diatomaceous earths, clays, and shales 
have the opposite effect, and in approxi- 
mately the same magnitude. The pau- 
city of completed tests, performed under 
present test conditions, precludes a de- 
tailed discussion of this phase of sulfate 
resistance. 
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CONCLUSIONS AND RECOMMENDATIONS 


Tests on sulfate resistance of concrete 
have contributed greatly to the useful 
_ knowledge in the field of concrete tech- 
nology. Some of the more significant 
conclusions and recommendations which 
may be made as a result of the tests 
follow: 
1. Cements low in tricalcium alumi- 
nate content should be used in concrete 
' structures which may be in contact with 
sulfate-bearing soil or water. If the con- 
centrations are 0.1 to 0.2 per cent water 
soluble sulfates in the soil or 150 to 
1,000 ppm sulfates in the water, type II 
= cement with a tricalcium aluminate con- 


and Physical Tests of the Cements,” Long- 
a Time Study of Cement Performance in 
Concrete, Chapter 3, Bulletin 26, Portland 
Cement Assn., August, 1948, p. 743. 
_ (2) F. R. McMillan, T. E. Stanton, I. L. Tyler, 


and W. C. Hansen, ‘“‘Concre.: Exposed to 


Sulfate Soils,” Long-Time Study of Cement 


Performance, Chapter 5, Bulletin 30, Port- 


land Cement Assn., December, 1949. 


has been beneficial in avoiding the so- 


increasing sulfate resistance. 


formed when the concrete sets. 


of New York, New York, N. Y 


called alkali-aggregate reaction and in 


We have been trying to determine why 
the reactions of fly ash when used as a 
substitute for some of the portland ce- 
ment in concrete are not entirely pre- 
dictable. It seems that the variability 
may tie in with the amount of lime 


1 Structural Engineer, Consolidated Edison Company 
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tent of 8 per cent or less may be used. 
If, however, the sulfate content of the 
soil is over 0.2 per cent or the water con- 
tains over 1,000 ppm sulfates, the use of 
a type V cement, which by definition has 
a tricalcium aluminate content of 5.0 per 
cent or less, is recommended (5). 
2. Increasing the cement content of 
concrete increases its sulfate resistance. 
3. Entraining air in concrete in general 
increases its resistance to sulfate attack. 
4. Calcium chloride reduces the re- 
sistance of concrete to sulfate attack. 
5. Standardization of laboratory test 
procedures for sulfate resistance would 
be a worth-while advancement. 


(1) William Lerch and C. L. Ford, “Chemical 


(3) D. Wolochow, “Determination of the Sulfat?® 
Resistance of Portland Cement,” Proceed- 
ings, Am. Soc. Testing Mats., Vol. 52, p. 
250 (1952). 

(4) D. G. Miller and P. W. Manson, “Long- 
Time Tests of Concretes and Mortars Ex- 
posed to Sulfate Waters,” Technical Bulle- 
tin 194, University of Minnesota Agricul- 
tural Experiment Station, May, 1951. 

(5) U. S. Bureau of Reclamation, Concrete 
Manual, Tables 2 and 5. 


Mr. T. R. Gattoway.'—It is fre- 
quently stated that pozzolanic material 


We find very little in the literature 
with regard to the amounts of lime that 
appear in straight portland-cement con- 
crete when it sets and with regard to 
what happens to that lime as the con- 
crete ages. We have, therefore, examined 
specimens of straight portland-cement 
concrete and of fly ash concrete in which 
20 per cent of fly ash was substituted for 
cement. These specimens were taken on 
recent jobs and the oldest of those ex- 
amined were 210 days old. We have also 
analyzed some specimens taken from 
buildings several years old. In general, 
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chemical and petrographic methods were 
used. In part of our work a few checks 
were attempted by X-ray diffraction. In 
the recent specimens of straight portland- 
cement concrete we found calcium hy- 
droxide with a little calcium carbonate. 
In the old specimens we found calcium 
carbonate with a little calcium hydrox- 
ide. In the fly ash concrete specimens we 
found calcium hydroxide in amounts 
varying with the age of the specimens. 
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of hydrated lime (but less than in straight 
portland-cement concrete) up to about 
five days, with the amount of hydrated 
lime then decreasing until it becomes 
nearly zero at 210 days. During this 
period the strength of the fly ash con- 
crete increased and at about 90 days 
surpassed that of the straight cement 
concrete. 

It is well known that pozzolanic ma. 
terials react with hydrated lime, produc. 


T 
Regular P.C. Concrete 


ve) 


75 


Hydrated Lime, Ib per cu yd 
os 


Fly Ash Concrete 


25 
3 7 28 90 210 360 


Age, days (Log. Scale) 
Fic. 10.—Fly Ash Activity. Reduction in Hydrated Lime in Hardened Job Concrete Due to 


Waterside Fly Ash. 


The average result of 64 tests for hydrated lime in hardened regular portland-cement concrete was 115 lb pér cu 
yd, which is equivalent to 18 lb per bag of portland cement. 


The abscissas of the accompanying 
Fig. 10 represent age in days and the 
ordinates per cent of lime (reported as 
hydroxide). The upper curve is for 
straight portland-cement concrete and 
shows about 3 per cent of lime in all 
specimens after about 5 days. Assuming 
that a cubic yard of concrete weighs 
4000 lb there are about 115 lb of hydrated 
lime per cu yd present after setting. The 
lower curve is for 20 per cent fly ash 
concrete and shows increasing amounts 


ing some of the same compounds as are 
present in cement. This action accounts 
for the increase in strength of fly ash 
concrete over straight cement concrete. 
We suspect that the elimination of hy- 
drated lime may account for the general 
improvement in the other properties of 
fly ash concrete over straight portland- 
cement concrete. In particular the im- 
provement in the so-called alkali-aggre- 
gate reaction may be accounted for if 
hydrated lime is also an accessory to 
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this reaction and the improvement in 
sulfate resistance if the reaction of the 
sulfate is with hydrated lime to form a 
compound similar to a double salt with 
calcium aluminate, rather than a reac- 
tion with calcium aluminate alone. 

Mr. D. O. WootF (by /etter).—If for 
no other reason, publication of this paper 
is warranted by the inclusion of Figs. 3 
and 4. The condition of the concrete 
shown in these figures is almost beyond 
belief. The fact that this destruction of 
concrete is due to attack by common 
salts of the earth causes the reader to 
consider with much more thought the 
installation of concrete structures at lo- 
cations where sulfates are prevalent. 

One subject not covered by the paper 
but which is quite suitable for inclusion 
is the matter of identification of concrete 
which has failed by the action of sul- 
fates. The authors state that the forma- 
tion of crystals of calcium sulfoaluminate 
is the cause of the destruction of concrete 
exposed to sulfate salts. However, this 
chemical, calcium sulfoaluminate, will be 
found in almost all concrete to a greater 
or lesser extent and is described by many 
authorities as the result of a normal re- 
action between the gypsum and trical- 
cium aluminate. A distinction between 
the sulfoaluminate formed from gypsum 
and that formed from sulfates would be 
very desirable. It is assumed that in the 
case of attack by sulfates, a very con- 
siderable development of calcium sul- 
foaluminate would result. But deposits 
described as “heavy” of the sulfoalumi- 
nate have been stated to occur in con- 
crete which has not been subjected to 
attack by sulfates. Consequently, a state- 
ment of the amount of the deposits which 
could be considered to be the result of 
the reaction involving gypsum would be 
helpful. If it is not feasible to describe or 
illustrate failed concrete showing crystals 
of calcium sulfoaluminate which were 


2 Physical Research Engineer, Bureau of Public Roads, 
Washington, D. C. 
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not developed from attack by sulfates, 
would it be possible to identify concrete 
which has been attacked by sulfates by 
the presence of crystals of the sulfate 
instead of the sulfoaluminate? 
Mr. ARTHUR F. (by lelter). 
—-The authors are to be congratulated 
upon supplying, in brief, easily read form, 
additional information on the sulfate re- 
sistance of concrete. I have no comment 
upon the paper itself, but would like to 
call attention to one thing. Many en- 
gineers, in deciding upon the need for 
sulfate-resistant concrete, fail to inter- 
pret correctly the effects of the hydraulic 
gradients of the moisture in the concrete 
and contacting soil. (The hydraulic heads 
are usually negative.) These gradients 
affect the concentration of the salts in 
the soil water or pore water, thus the 
need for sulfate resistance of the con- 
crete. As an illustration, with a concrete 
pavement, there will normally be an 
upward gradient through the soil and 
concrete to the surface, where evapora- 
tion and the consequent concentration of 
salts can take place. Sulfate resistance is 
required if there are sufficient sulfates 
in the soil and if rainfall is too infrequent 
to keep salts flushed off the surface and 
to provide leaching through temporary 
gradient reversals. On the other hand, 
with any water pipe line, where the 
hydraulic head in the pipe is above the 
water table in the soil (a normal condi- 
tion, except with drain tile), the gradient 
will be outward through the pipe walls. 
The concrete will be affected by the sul- 
fates in the pipe water, not by those in 
the soil water (steel shell pipe excluded). 
Mr. W. C. Hanna.*—My own experi- 
ence has been that calcined diatomaceous 
earths, pumice and calcined Monterey 
shale have in every case tended to make 
the cement mortars more resistant to 
sodium sulfate attack. 


3 Professor of Irrigation, College of Agriculture, Uni- 
— of California, Los Angeles, Ca 
ice President in Charge of ‘echnical teen, 
California Portland Cement Co., Colton, Calif. 
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The laboratory test procedure that we 
have followed for many years as a means 
of studying sulfate resistance is as fol- 
lows: The two ends of briquets, after 
making the customary 28 day tensile 
tests, are used as our test specimens. 
The ends of the briquets are dried with a 
towel, weighed and placed in solutions of 
sodium sulfate. Three are placed in a 2 
per cent solution and three in a 10 per 
cent solution. Each set of three halfs 
represent the three briquets. Covered 
beakers are used for storage. The speci- 
mens are examined at regular intervals 
and any changes noted. After each exami- 
nation, the solutions are changed. 

In the 10 per cent sodium sulfate solu- 
tion, all specimens start to show the effect 
of sulfate water at early ages, and in the 
2 per cent solution a little later. Good 
resistance to sulfate action by this test 


is indicated when there is only a slight. 


disintegration at 18 months in the 2 per 
cent sulfate solution. 

A typical set of test results is given 
below to show that with 25 per cent of 
calcined Monterey shale, substituted for 
a like amount of portland cement, the 
resistance to sodium sulfate solution is 
greater than with the straight portland 
cement. 


Type II Cement (No. 23062) 


Time 2 per cent 10 per cent Na2SO. 


14 days No action Slight action 
2months Slight action 

4months ........ All bad 

18 months Fair condition, gain in Gain in weight of 


weight of 3.1 per cent 


II P.C. 25 PER CENT OF FINE MONTEREY 
SHALE (No. 23065)* 


10.7 per cent 


Time 2 per cent NasSOu 10 per cent Na2SOx 
1 month 7 Slight action 
3 months Slight action 
5 months _ All bad 
18 months Fair condition, gain in Gain in weight of 


weight of 0.7 per cent 3.7 per cent 


a “@ The type II cement used in making up the blend was 
part of Sample No. 23062. 

From the appearance and the gain in 
weight noted at 18 months, the sulfate 
resistance of the cement with Monterey 
shale is decidedly greater than the ce- 
ment without the shale. 
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We have also noted that field concrete 
with Monterey shale when exposed to sea 
water has indicated even better results. 

Messrs. Raymond E. Davis® and 
Potivka? (by letter)—No quanti- 
tative evidence is given in the paper in 
support of the statement made with 
respect to calcined diatomaceous earths, 
clays and shales appearing to be detri- 
mental as judged by the results of labora- 
tory tests and by the condition of field 
structures—it is so contrary to our find- 
ings of the past twenty years as to war- 
rant discussion. 

Concrete in service is subjected to a 
variety of conditions of sulfate exposure, 
none of which can be exactly duplicated 
in the laboratory any more than can 
conditions of freezing and thawing. Many 
structures such as pipe, drain tile, canal 
linings, etc., are subject to drying very 
infrequently if at all. Others, such as 
retaining walls, footings, and slabs rest- 
ing upon or partially buried in the 
ground, may have surfaces which are 
exposed to long cycles of drying. And 
still others, such as piles, piers, etc., in 
ocean water, are subject to more or less 
regular and frequent cycles of wetting 
and drying. Regardless of the conditions 
of exposure, the alkali sulfates in solution 
which penetrate concrete react with the 
calcium hydroxide and calcium alumi- 
nate hydrate present in the hardened 
cement paste to form calcium sulfate 
(gypsum) and calcium sulfoaluminate. 
As these compounds crystallize from 
solution, expansive forces are set up 
within the capillaries which tend to dis- 
rupt the concrete. The stronger the al- 
kali-sulfate solution, the more permeable 
and weaker the concrete; and the larger 
the quantities of calcium hydroxide and 
hydrated calcium aluminate present in 

5 Consulting Engineer and Director Emeritus, Engi- 
neering Materials Laboratory, University of California, 
Berkeley, Calif. 


6 Assistant Professor of Civil Engineering, University 
of California, Berkeley, Calif. 
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the hardened cement paste, the more 
rapidly will deterioration occur. 

Under the first of the above-mentioned 
conditions, where there is little or no 
drying action, the solution penetrates all 
surfaces of the concrete in substantially 
like degree and like concentration. If in 
sufficiently strong solution, the alkali 
sulfates combine chemically with calcium 
hydroxide and hydrated calcium alumi- 
nate to form crystals of the reaction prod- 
ucts in the capillaries at and near the 
exposed surfaces, temporarily decreasing 
the permeability of a thin outer layer of 
concrete. As these crystals grow and ex- 
pansive forces of sufficient magnitude are 
developed, distintegration of this outer 
layer occurs, and a deeper layer is sub- 
ject to similar attack. And so the pro- 
cess of disintegration continues. 

Under the second of the above-men- 
tioned conditions, where some of the sur- 
faces of the structure are exposed to sul- 
fate waters and others are exposed to 
drying, the apparent effect of chemical 
attack may take quite different forms. 
If the concentration of alkali sulfates is 
low, as is more usually the case, there is 
no significant deterioration at the wetted 
surfaces but due to evaporation from the 
dry surfaces and capillary flow towards 
these surfaces, there develops a gradually 
increasing concentration of the reaction 
products (calcium sulfate and calcium 
sulfoaluminate) not at the exposed sur- 
faces but at some distance within the 
concrete mass. This causes an internal 
growth which is usually accompanied by 
severe cracking at the exposed surfaces 
and often by the splitting away or spal- 
ling of portions of sound concrete due to 
the large expansion and perhaps disinte- 
gration of concrete below. 

Regardless of the type of exposure it 
seems evident that for optimum resist- 
ance to sulfate action the concrete should 
be as impermeable as practicable and the 
hardened cement paste should be low in 
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the reactive compounds, calcium hydrox- 
ide, and hydrated calcium aluminate. 

The paper does not state the conditions 
of test upon which the authors based 
their statement that “calcined diatomac- 
eous earths, clays, and shales appear to 
be detrimental.” We assume that this 
statement may have been based on the 
results of tests conducted in accordance 
with their preferred method as given in 
the paper. If so, the test specimens were 
3 by 6-in. concrete cylinders, standard- 
cured for 14 days and then dried in 
an atmosphere of 50 per cent relative 
humidity for 14 days; and the testing 
cycle consisted of 28-day immersion 
in a 2.1 per cent sodium-sulfate solu- 
tion, followed by 24 hr of air drying. 
These conditions can hardly be consid- 
ered as representative of those which 
would normally obtain for any concrete 
structure in actual service. The 14-day 
drying of the small cylinders after only 14 
days of curing would have a deleterious 
effect, not only on ultimate strength but 
also on watertightness of the concrete to 
a much greater degree than would be the 
case for the thicker and more massive 
concrete of field structures from which 
the percentage of moisture lost by evapo- 
ration would be relatively small. It is to 
be expected that this deleterious effect on 
strength and watertightness would be 
more pronounced for concretes which 
gain their strength slowly than for those 
which gain their strength rapidly. 

The effect of pozzolanic action is well 
known. A suitable pozzolan used in ap- 
propriate amount in the presence of 
moisture will in time combine with the 
calcium hydroxide that is liberated dur- 
ing the process of hydration of portland 
cement to form calcium-silicate hydrate, 
which is essentially insoluble and im- 
mune to sulfate attack, which signifi- 
cantly contributes to strength of con- 
crete, and which, by filling the capillaries 
greatly contributes to watertightness. 
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For the average portland cement, per- 
haps 75 per cent of the calcium hydiwxide 
is liberated during the first seven days 
of hydration. During this early period 
of hydration, the pozzolan, depending 
upon its character and fineness, combines 
with the calcium hydroxide at a rate less 
rapid than that at which the calcium 
hydroxide is formed. For the less rapidly 
reactive pozzolanic materials, it is likely 
to be several months before the stage is 
reached when all of the then available 
calcium hydroxide has been combined, 
and thereafter the calcium hydroxide 
which is liberated by further hydration 
of the cement reacts with the pozzolan 
as soon as it is formed. Hence, during the 
early period of hardening, concretes con- 
taining pozzolan in the normal amounts 
of cement replacement may be expected 
to be not only of lower strength but also 
more permeable to the passage of mois- 
ture than corresponding concretes con- 
taining straight portland cement; how- 
ever, at the age of 6 months the 
permeability of the concrete containing a 
suitable pozzolan in appropriate amount 
is generally only a small fraction of that 
of the straight portland-cement concrete. 

The authors’ method of drying small 
specimens between the ages of 14 and 
28 days and then saturating them with 
sulfate solution as the cyclic tests are 
begun would naturally place the con- 
cretes containing pozzolanic materials at 
a great disadvantage as compared with 
concretes containing normal portland ce- 
ments. This disadvantage would not ob- 
tain for most field structures with their 
less severe conditions of exposure and 
more massive section which, even if 
partially exposed to the air, would re- 
tain much of the original moisture until 
the pozzolanic reaction, strength, and 
watertightness had been more completely 
developed. 

These are all matters to which we have 
given considerable thought and atten- 


tion over the years, and our studies have 
led us to the opinion that the results of 
laboratory tests made on specimens con- 
tinuously immersed in sulfate solutions 
are the best index to the probable sulfate 
resistance of field structures in general. 
For specimens thus treated, three criteria 
may be employed in judging the resist- 
ance of mortars and concrete to sulfate 
action, as follows: 

1. Disintegration as measured by loss 
in weight, 

2. Decrease in compressive strength as 
compared with that of corresponding 
concrete of the same age continually im- 
mersed in water, and 

3. Volume change or increase in length 
as compared with that of corresponding 
specimens immersed in water. 


For a wide variety of cement composi- 
tions and a wide variety of pozzolanic 
materials used as cement replacements, 
there is generally good correlation be- 
tween loss in weight, decrease in com- 
pressive strength, and increase in length. 

By any one of these criteria we have 
found that calcined pozzolans of suit- 
able composition, employed in appropri- 
ate amounts, greatly increase the resist- 
ance to sulfate action of mortars and 
concretes containing type I cements of 
high tricalcium aluminate content, sub- 
stantially increase the resistance of 
mortars and concretes containing type II 
cement of moderately low tricalcium alu- 
minate content, and to some extent 
increase the resistance of mortars and 
concretes containing type V cement. In 
support of this statement we have ex- 
tracted data from publications originating 
in the Engineering Materials Laboratory 
of the University of California and from 
private reports with which the writers 
have been concerned. These data are 
presented in the following tables. 
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The values of the accompanying Table 
I’ show the relative resistance of con- 
cretes containing certain fly ashes, used 
as a cement replacement in the amount 
of 20 per cent by weight, as compared 
with corresponding concrete containing 
straight type II portland cement. As 
judged by compressive strength at the 
age of 6 months, after 5-month immersion 
in sodium-sulfate solution the deleteri- 
ous effect of sulfate action was substan- 
tially greater for the straight portland- 
cement concrete than for any of the 
fly-ash concretes. For the Chicago fly 
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reducing agents. It will be noted that the 
cement contained less than 5 per cent 
tricalcium aluminate (C;A) and only 9 
per cent tetracalcium aluminoferrite 
(C,AF). For all practical purposes it met 
the ASTM requirements for a sulfate- 
resistant cement. 

Phillips shale comes from a deposit of 
the Monterey formation high in opal near 
Pomona, Calif. owned by the California 
Portland Cement Co. This shale was 
employed in the construction of Davis 
Dam. Napa earth is a cream-colored 
shale, high in opal and perhaps of dia 


TABLE I.—SODIUM SULFATE RESISTANCE OF CONCRETES CONTAINING FLY ASH. 
1:5.6 concrete by weight; 34 in. maximum aggregate; Type II cement; composition: CsS = 50 per cent, C:S = 25 per 


cent, CsA = 6 per cent, CAF = 15 per cent. 


| Compressive Strength 
Fly Ash in Portland-Pozzolan Cement ‘Age 6 Months, psi ’ i : 
of c ange 
y- P 
sc. [Repl t,| _C+F Strength, due 
Type per cent |sq cm per Specimens*| cent 
0 | 0.43 6310 5560 -12 
1.1 3220 20 0.40 6950 7120 
6.4 3080 20 0.43 6800 6580 -3 
Is 10.4 3800 20 | 0.46 6650 6400 -4 
Potomac... 11.9 2390 20 | 0.45 6420 5830 -9 
Hell Gate............. 19.3 1970 | 20 0.49 5480 5060 =8 


@ 3 by 6-in. specimens standard-cured for 28 days, then immersed in 10 per cent solution of sodium sulfate. Tested at 


age of 6 months. 


Change in compressive strength between treated and standard-cured specimens. 


ash, with its very low carbon content, 
the compressive strength of treated 
specimens was actually higher than that 
of the untreated specimens, though the 
difference would be within the probable 
experimental error. Even for the less 
desirable fly ashes with 12 or 19 per 
cent carbon, sulfate resistance, as judged 
by decrease in compressive strength, was 
in the order of 30 to 50 per cent greater 
than that for the type II cement alone. 

Table II gives the results of tests in 
which two calcined opaline shales were 
employed as replacements in the amounts 
of 25 and 35 per cent of portland cement, 
with and without air-entraining or water- 


7 The data were taken from R. E. Davis, R. W. Carlson, 
J. W. Kelly, and H. E. Davis, “Properties of Cements and 
Concretes Containing Fly Ash,” Proceedings, Am. Con- 
crete Inst., Vol. 33, pp. 577-612 (1937). 


tomaceous origin, though only an oc- 
casional diatom structure can be identi- 
fied. It occurs in a deposit in Napa 
County, Calif. owned by the Basalt Rock 
Co., and was used by the East Bay 
Municipal Utility District in all pipe and 
structures of the recently completed 
East Bay outfall-sewer project. 

The values of Table II show that 
without air-entraining or water-reducing 
admixture, the effect of immersion in 10 
per cent sulfate solution from the age of 
28 days to 1 yr was to reduce the com- 
pressive strength of straight portland- 
cement concrete by 14 per cent. When 
Phillips shale was employed in the 
amount of 25 per cent, the treated speci- 
mens exhibited a compressive strength 
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2 per cent greater than that of the un- 
treated specimens. The use of admixture 
C, which entrained no air, generally de- 
creased sulfate resistance. The other 
three admixtures, all of which entrained 
air, increased sulfate resistance. With 
admixture A and Phillips shale in the 
amounts of 25 and 35 per cent, sulfate 
action up to the age of 1 yr had no effect 
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lips shale or Napa earth, with or without 
air-entraining or water-reducing admix- 
ture, contributed very significantly to 
sulfate resistance when used with port- 
land cement of composition considered 
to be highly resistant to sulfate action. 

The data of Table II were taken from 
a private report to the East Bay Mu- 
nicipal Utility District, dated March, 


TABLE II.—SODIUM SULFATE RESISTANCE OF Coseaneees CONTAINING PHILLIPS SHALE AND NAPA 


1:6.7 concrete by weight; 34-in. maximum size aggregate. Cement composition: CsS = 54.3 per cent; CxS = 27.1 per 


cent; CsA = 4.7 per cent; CsAF = 8.8 per cent. 


Compressive 
Calcined Pozzolan* Strength, Age 
. 12 months, psi Change in 
W Slump Air Con- Cémpress- 
mixture? |, C +P’ in. | _tent,® ive 
Percent- by weight P per cent | Strength, 
b Standard- T d r cent 
Type Cured |. teated,| Pe 
weight of Pater Specimen 
(C + P) jpecimen 
None | 0.52 3.7 3.2 5600 4840 -14 
Phillips shale 25 0.61 3.7 2.3 4970 5060 +2 
0.49 3.6 5.7 5400 4950 
= ca 25 A 0.57 3.7 5.7 5200 5200 0 
illips shale... 35 0.58 3.7 5.7 4890 4890 0 
25 0.59 4.0 5.7 4970 4820 
er 25 0.56 3.7 5.7 5090 4890 —4 
None 0.48 3.7 3.5 6340 4880 —23 
Phillips shale............. 25 Cc 0.53 3.6 2.6 6960 6020 —14 
Serre 35 0.54 3.6 2.8 5990 5850 —2 
Napa Earth.......... 25 0.55 3.7 3.2 6760 6620 —2 
None | 0.44 3.7 4.8 6150 5440 —12 
Phillips shale | 25 D 0.49 3.7 4.4 6390 6370 0 
Napa earth 25 0.50 3.9 5.1 5830 5770 -1 


@ Phillips shale from California Portland Cement Co. deposit near Pomona, California, calcined at about 1500 F and 
ground to a Blaine fineness of 13,000 sq cm per g. Napa earth from Basalt Rock Co. deposit in Napa County, Calif., cal- 
cined at 1650 F and ground to a Blaine fineness of 22,000 sq cm per 


> Admixtures A, 
© Air content by pressure method. 


B, D are air-entraining agents; C isa wales eniasing agent. 


Sulfate resistance determined by immersing eight 3 by 6-in. cylinders in 10 per cent solution of sodium sulfate at 
age 28 days. A standardized air jet used once a month to remove loosened material. At age 12 months, four cylinders 
tested for reduction in compressive strength in comparison with standard-cured specimens. 


upon compressive strength of concrete, 
as compared with 8 per cent reduction in 
compressive strength of the correspond- 
ing concrete without Phillips shale. 
With agent C, which entrained no air, 
and Phillips shale in the amount of 35 
per cent or Napa earth in the amount 
of 25 per cent, there was only a 2 per 
cent reduction in strength due to sulfate 
action, as compared with a 23 per cent 
reduction in strength of the straight port- 
land cement with agent C only. Further 
study of the table shows that either Phil- 


4 


1949, and are here submitted for publi- 
cation with the permission of the Dis- 
trict. 

The values of Table III were drawn 
from the results of a rather extensive 
test program in which a variety of poz- 
zolanic materials was employed.’ In this 
cooperative program, the Metropolitan 
Water District of Southern California, 
under the direction of Mr. L. H. Tuthill, 


8 Reported in part in R. E. Davis, J. W. Kelly, G. E. 
Troxell, and H. E. Davis, “Properties of Mortars and 
Concretes Containing Portland-Pozzolan Cements,” Pro- 
ceedings, Am. Concrete Inst., Vol. 32, Sept.—Oct., 1935, 
pp. 80-114. 
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performed the tests to determine sulfate 
resistance. 

Type I cement was employed, for 
which the tricalcium-aluminate content 
was 11 per cent. The pozzolans were 
used as replacements for portland cement 
in the amount of 20 per cent by weight. 
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integrated in the 1 per cent solution at 
1 yr. The concrete containing clay A 
immersed in the 10 per cent solution com- 
pletely disintegrated in 3 months, and 
that immersed in the 1 per cent solution 
completely disintegrated in 10.5 months. 
However, the use of clay C greatly im- 


TABLE III.—SODIUM SULFATE RESISTANCE OF PORTLAND-POZZOLAN CEMENT CONCRETES. 
1:5.7 concrete by weight; 3Gin, maximum size aggregate. Type I cement, composition: CsS = 59 per cent; CaS = 22 


per cent; C3A = 11 per cent; CsAF = 6 per cent. 


Compressive Strength,? psi Change in Mon ~* 
T Compressive 
‘em- Strength,° Change in 
ture of Water S 
G Cal- Curing Sodium Sulfate Solution Strength, 
Group — cina- by r cent 
tion, | weight |—a 10% Sodium 
deg | Sulfate 
Fahr Per cent, 10 per cent, ag | 
yr mon’ e 
= yr. | months 
Portland None as 0.56 | 4860 | 5160 12 mo 5.2 mo.? | —100.0) —100.0 —19 
Cement 
Opaline Diatomaceous | 1450 0.60 | 3620 | 3890 3830 2760 1.5) —23.8 —4 
Shales shale® 
Mesto 1450 0.68 | 4680 | 4920 4850 3950 —1.4) —15.5 —3 
shale 
Mon tersy 1800 0.60 | 5490 | 5580 5040 5580 —9.7| +1.6 0 
shale 
Volcanic Pumicite? 1450 0.58 5650 | 5340 6060 4540 +13.5|) —19.5 —3 
Glasses Tuff 1450 0.58 | 5120 | 5350 4920 4700 —8.0 —8.2 -1 
Clays Clay Aj 1450 | 0.58 | 4200 | 4350 | 10.5 mo. | 3mo.* | —100.0| —100.0| —33 
Clay Cf 1450 | 0.56 | 4580 | 5030 4760 3410 —5.4) —25.5 —4 


; Ly per cent by weight of 


cement. 
3 by 6-in. cylinders; standard-cured 28 days, then immersed in water or in sulfate solution as indicated. 


4 Complete disintegration at age indicat 


ea, e in compressive strength between treated and water-cured specimens. 


¢ Naturally oil-impregnated low-grade diatomaceous shale from Airox Co. deposit near Casmalia, Calif. 


le of the 
H a from deposit near Friant, 


onterey formation from Santa Cruz Portland Cement Co. deposit near Davenport, Calif. 


+ From Monolith Cement Co. deposit near “Monolith, Calif. 


; From Santa Cruz Portland Cement Co. de 


it near Davenport, Calif. 


7 Known as Fleming Clay, from California Portland Cement Co., Colton, Calif. 


The source of each pozzolan is given in 
the footnote to the table. All of the poz- 
zolans were calcined. Two are classed as 
opaline shales, two are clays, and two 
are volcanic glasses. Concrete specimens 
were completely immersed in 1 and 10 
per cent solutions of sodium sulfate. 
From an examination of the table, it 


_ will be seen that the concrete containing 


straight portland cement was completely 
disintegrated in the 10 per cent solution 
at 5.2 months and was completely dis- 


proved sulfate resistance as judged by 
the compressive strength of concrete spec- 
imens immersed in the 1 per cent so- 
dium sulfate solution up to the age of 1 
yr, and also in the 10 per cent sodium 
solution up to the age of 6 months. Of 
particular note is the performance of the 
concrete in which was employed Mon- 
terey shale calcined at 1800 F. Immer- 
sion for a period of 6 months in the 10 
per cent sodium-sulfate solution pro- 
duced no deleterious effect upon strength. 

Table IV shows the effect of raw and 
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calcined diatomaceous earth upon the 
resistance to sulfate action, as judged by 
loss in weight of concrete completely im- 
mersed in 10 per cent solutions of both 
sodium sulfate and magnesium sulfate. 
The diatomaceous earth was obtained 
from the Johns-Manville deposit at 
Lompoc, Calif. Its silica content was 
about 80 per cent, and its fusion tempera- 
ture was about 2450 F. Type I cement 
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amount of 12 per cent by absolute vol- 
ume considerably improved resistance to 
each of the sulfates. Calcination at 
2340 F (below the temperature of in- 
cipient fusion) led to further improve- 
ment. Doubling the amount of calcined 
diatomaceous earth to 24 per cent by 
absolute volume led to a very great in- 
crease in sulfate resistance. For con- 
cretes containing this larger percentage 
of replacement, the loss in weight was 


TABLE IV.—SODIUM AND MAGNESIUM SULFATE RESISTANCE OF CONCRETES CONTAINING 
DIATOMACEOUS EARTH. 


1:6.7 concrete by weight; 34-in. maximum size aggregate 
per cent; CsA = 13 per cent; CAF = 7 per cent. 


. Type 1 cement; composition: CsS = 48 per cent; CoS = 26 


“s Period of Continuous Immersion 
Diatomaceous Earth % at 70 F to 25 per cent 
Loss in Weight 
W 53 
*)Slump,| Flow, | “3 
Per- 4g per cent| 10 per cent per cent Mag- 
Specific centag' weight | Sodium Sulfate | nesium Sulfate 
|Surface, by Solid $3 
og Rela Rela 
| perg jo + elative elative 
| | & | Months | cent| Months cent 
- | 
0.53 2.8 73 5940 100 9 100 
Raw... SR 21 000 12 0.57 2.7 73 7 140 15 167 
Calcined at 2340 F........... 7 000 12 0.53 2.9 73 6660 16 320 18 200 
Calcined at 2340 F........... 7 000 24 0.54 2.9 74 6310 24+ 1000° 24 267 
Calcined at 2450 F........... 6 000 24 0.53 2.8 74 6080 2444 1090° 24 267 


® Standard curing for 18 months, then in air at 70 F and 95 per cent R.H. until 3 weeks prior to test, then in water at 


70 F until test. 


3 by 6-in. cylinders standard-cured 28 days, then immersed continuously at 70 F in 10 
sulfate or magnesium sulfate equal to volume of specimens; solution replaced every 28 days. 


© 12 per cent loss at 24 months. 
11 per cent loss at 24 months. : 
¢ Computed on basis of average monthly loss in weight. 


was employed, for which the C;A content 
was 13 per cent. 

The data given in the table have been 
extracted from a private report, en- 
titled “Tests of Mortars and Concretes 
Containing Diatomite,” made to Johns- 
Manville Corp. in 1948. They are here 
submitted for publication with the per- 
mission of Johns-Manville. 

A study of the table will show that, 
judged by 25 per cent loss in weight, the 
straight portland-cement concrete failed 
in 5 months when immersed in the so- 
dium-sulfate solution and in 9 months 
when immersed in the magnesium-sulfate 
solution. The use of raw diatomite as a 
substitution for portland cement in the 


r cent solution of sodium 


| 


only 11 or 12 per cent after 2 yr of im- 
mersion in the sodium sulfate solution 
(as compared with 25 per cent loss in 
weight after 5 months immersion for the 
straight portland-cement concrete); in 
the magnesium sulfate solution, failure 
was judged to have taken place in 24 
months (as compared with 9 months for 
the concrete containing straight port- 
land cement). 

From these results, it is quite evident 
that the resistance to sodium sulfate ac- 
tion of concrete containing an appropri- 
ate amount of calcined diatomite of the 
quality here under consideration is many 
times as great as that of corresponding 
concrete containing a typical type I ce- 


| 


| 


ment; and the resistance to magnesium- 
sulfate action of concrete containing an 
appropriate amount of calcined dia- 
tomaceous earth is several times as great 
as that of the corresponding straight 
portland-cement concrete. 

In conclusion, it is our opinion that, 
in light of the overwhelming evidence to 
the contrary, it would be most unfortu- 
nate if the statement of the paper con- 
cerning the deleterious effect of calcined 
diatomaceous earths, clays, and shales 
should come to be regarded as valid for 
the better pozzolanas in these groups 
and for the conditions of curing and ex- 
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posure to which most field structures 
will be subjected. 

Additional references on this general 
subject are given below. 


Lewis H. Tuthill, “Resistance of Cement to the Co- 
rosive Action of Sodium Sulfate Solutions,’ Proceedings, 
Am. Concrete Inst., Vol. 33, Nov.-Dec., 1936, pp. 83-106. 

R. E. Davis, * *Pozzolanic Materials and ‘heir Use 
in Concretes,” Symposium on Use of Pozzolanic Materials 
in Mortars and Concretes, Am. Soc. Testing Mats., p. 3 
a (Issued as separate publication ASTM STP No. 


H. S. Meissner, ‘“‘Pozzolans Used in Mass Concrete,” 
Symposium on Use of Pozzolanic Materials in Mortars and 
cretes, Am. Soc. Testing Mats. pom). (Issued as 

separate publication ASTM STP 

Davia, W. C. E. H. Brown, 
“Strengta, Volume Change, and Sulfate Resistance ot 
Mortars Containing rortland-roz.vlan Cements,” >ym- 
— on Use of rozzolanic Materials in Mortars and 
Soncretes, Am. Soc. ‘esting Mats., p. 131 (1949). ({ssued 
as separate publication ASTM STP No. 99. ) oi 
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__ A brief history of early tests used to evaluate the resistance of road mate- 
rials and concrete to abrasion is presented. 

The types of wear generally experienced on concrete surfaces are broken 
down into four general categories and the causes discussed in each case. 

Methods of test used by investigators to evaluate the wear resistance of 
concrete are discussed for the various types of wear. The advantages and dis- 
advantages of the test procedures have been considered and comments made 
regarding the proper type of test for a particular kind of wear. 

The effect of such factors as strength and curing of the concrete have been 
included in the discussion, since they have a very important bearing on the 


ability of the concrete to resist wear. 


Seldom is there any agreement as to 
what wear actually is or how to measure 
it. Some feel that the old paint slogan, 
‘Save the surface and you save all,” is 
applicable to concrete. Certainly, when 
the surface is disrupted and the aggre- 
gate exposed, it is difficult to measure the 
abrasion resistance of the resulting con- 
crete surface. This is particularly true 
when means are adopted—and some with 
merit—to increase the life of the wearing 
surface through the use of various con- 
crete surface hardeners. 

It has been demonstrated that cement 
factor, air content, and curing are all 
important factors. But all three factors 
follow the compressive strength of con- 
crete, so that it may be reasonably hy- 
pothesized that strength may be accepted 
as a criterion of wear resistance. 

* Presented at the Fifty-sixth Annual Meeting of the 
June 28-July 3, 1953. 

1 Manager, Construction Specialties Division, and 
Head, Construction Specialties Research Laboratory, 


respectively, Dewey and Almy Chemical Co., Cambridge, 
ass, 
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By H. L. Kennepy' M. E. Prior! 


SYNOPSIS 


It would appear that a reasonable solu- 
tion to the problem is possible and an 
acceptable method of test may be d@ 
vised, if only concrete and the factors 
that go into making and curing that con- 
crete are considered. It appears equally 
obvious that concretes treated for im- 
proving their resistance to wear involve 
a different procedure from that used 
when the concrete only is the prime fac- 
tor. 

As an example, a very inferior con- 
crete may be painted with a rubber-base 
paint and the resistance to the action of 
the shot-blast machine is extremely high 
until the surface is penetrated. When this 
surface is penetrated, the resistance to 
abrasion so measured is ridiculously 
slight by comparison. In other words, the 
actual strength of the concrete is then 
the controlling factor. 

The first work which seems to have 
been reported on wear tests of paving 
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(1)? of Munich in 1844. He used a ma- 
chine, first exhibited at the World’s Fair 
in Paris in 1878, similar to the Dorry 
machine, in which cores are subjected to 
abrasion by silica sand carried on a re- 
volving cast steel plate. This work, and 
much of the early work in this country 
as reported by Page (2) and Goldbeck 
and Jackson (3), was conducted on rock 
and stone then used for paving. 

In more recent years, adaptations of 
these and other methods for determining 
the abrasion resistance of stone have been 
used with varying degrees of success on 
- concrete. The investigations of Roman 
(4), Abrams (5), Jackson and Pauls (6), 
- Scofield (7), and Scholer and Allen (8) 
were with the rattler-type equipment, 
such as the Deval test and the Los An- 
geles and Talbot-Jones rattlers. About 
the same time, Guttman (9) reported on 
a disk type of test. A drill press adapta- 
tion was also reported by Harris (10) in 
connection with the testing of the hard- 

s of various materials. Tuthill and 
lanks (11) classified concrete wear into 
two general types, mechanical and hy- 
draulic. They state that no one test has 
been devised that adequately measures 
the wear resistance of concrete under all 
conditions. 

There are a number of various types of 

abrasion or wear to which concrete may 
be subjected. Webster’s dictionary de- 
fines “‘wear” in this way—‘To impair, 
waste or diminish by continual attrition, 
scraping, percussion or the like.” The 
problem seems to be to discover or to 
select from existing equipment one kind 
that could be generally accepted for de- 
termining the abrasion resistance of all 
concrete. 
It will not be possible, within the scope 
of this paper, to cover all tests, but those 
believed applicable to present-day con- 
crete will be considered. 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1031. 
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TYPES OF ABRASION 


Wear of concrete surface bv abrasion 
wil! be classified as follows for the pur- 
pose of this paper: 


1. Wear on concrete floors, due to foot 
traffic, light trucking, and the skidding 
or sliding of objects on the surface (attri- 
tion). 

2. Wear on concrete road surfaces due 
to heavy trucking and automobiles, with 
and without chains (attrition plus scrap- 
ing plus percussion). 

3. Wear on underwater construction, 
due to the action of abrasive materials 
carried by flowing or turbulent waters 
(attrition plus scraping). 

4. Wear on dams, power plants, and 
water-carrying systems where a high hy- 
draulic gradient is present. This is gen- 
erally known as cavitation erosion as dis- 
tinguished from the abrasive erosion in 
type 3 (percussion). 


The first type of wear listed is essen- 
tially a rubbing action and is usually 
caused by the introduction of foreign 
particles, such as sand, metal scraps, or 
similar materials. Normal wear without 
the benefit of such abrasive materials 
would be negligible on a good concrete 
surface for an indefinite period of time. 
A poorly designed or inadequately cured 
surface would, of course, wear down read- 
ily. 

The second type of wear is caused by 
a rubbing action similar to that found in 
the first type, plus an impact-cutting 
type of wear. This latter type is brought 
about by the use of chains on automobile 
and truck tires or metal vehicle wheels. 
As the wheel revolves, it brings the metal 
into contact with the concrete surface 
with considerable impact, a process 
which tends to cut the surface of the con- 
crete. Here again, mix design, finishing, 
and curing are important factors in the 
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ability of the concrete to resist this ac- 
tion. 

The third type of wear is primarily a 
cutting action. The action of the abrasive 
particles carried by the flowing water is, 
of course, controlled largely by the ve- 
locity of the water, the angle of contact, 
the abrasive material, and the general 
surrounding conditions. 

The fourth type of wear is completely 
an impact abrasion. It is caused by the 
abrupt change in direction and velocity 
of a liquid to such a degree that the 
pressure at some point is reduced to the 


Fic. 1.—Reciprocating Shoe Abrasion Device Developed by Research Laboratories, Lehigh 
Cement Co. 
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vapor pressure of the liquid. The vapor 
pockets so created upon entering areas 
of higher pressure collapse with a great 
impact, which eventually causes pits or 
holes in the concrete surface. Also, the 
particles torn loose by this action con- 
tinue to add to the abrasion problem by 
causing further wear as designated by the 
third type previously mentioned. Wallace 
and Price (12, 13) have reported on the 
Bureau of Reclamation’s extensive stud- 
ies of this problem in connection with 
various dams. Since this is a highly spe- 
cialized problem, it will not be covered 
further in this paper. 

It will be realized, from the foregoing, 
that probably no one single type of abra- 


sion test can be considered adequate. The 
rubbing type may be satisfactory for 
floor surfaces, but in no way does it 
simulate the cutting action of sand car- 
ried by fast-moving water. The dressing- 
wheel type does approach the cutting 
action produced by chains, but its action 
is somewhat dependent upon the hard- 
ness of the coarse aggregate used in the 
mix. This is, of course, also true in the 
case of the rubbing type. The sand-blast 
type cuts into the softer materials, leav- 
ing the harder materials exposed or loos- 
ened so that they are free to become 


dislodged from the mass. This type of 
action is, however, more severe than that 
commonly found in floors; it cuts through 
the surface finish and exposes the basic 
concrete which, under normal conditions 
of wear, might not be exposed during the 
life of the building. 


TypEs OF SURFACES 
Floor Surfaces: ie 


A considerable amount of work has 
been done by many investigators in con- 
nection with the study of the wearing 
qualities of concrete floors. Kessler (14), 
Ahlers ef al. (15), Shank (16), Emley and 
Hofer (17), Wastlund and Eriksson (18), 
and Schuman and Tucker (19) have re- 
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ported on the developments of test meth- 
ods and results of investigations. This 
work has involved various finishing tech- 
niques, types of curing, time of curing, 
degree of curing, integral floor hardeners, 


Fic. 2.—Reciprocating Abrasive Machine | 
Gas and Electric Co. 


surface hardeners, and air entrainment. 
Also included in these studies were the 
effects of paints, acids, and alkalies on 
the resultant surfaces in respect to the 
ability of the surface so treated to resist 
abrasion. 

Most of these studies have been carried 
out by rubbing types of apparatus, since 
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this was considered to be the method 
best suited to reproduce the actual action 
on the floor surface. The other two types, 


dressing-wheel and sand-blast, have 


been used, but to a limited extent. 


Research 


ratories, Public Service 


The two common methods of achieving 
this rubbing action are a reciprocating 
disk and a revolving disk with some sort 
of abrasive material—usually carborun- 
dum, silica sand, or slag, used under damp 
or wet conditions. The length of time 
required to obtain significant results 
depends mainly on the abrasive material 
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used, the pressure applied, and the speed 
of operation, provided the surface char- 
acteristics of the specimens under test are 
comparable. This time may vary from 2 
to 20 hr. 


Figures 1 and 2 illustrate two of the 
reciprocating types of machines currently 
being used in wear test studies. 

The revolving disk-type machine com- 
monly used is essentially that developed 
by Schuman and Tucker (19). Variations 
of this apparatus have been constructed 
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by laboratories interested in studying the 
wear resistance of floors, and reasonable 
results have been obtained. 

There is always the question of the 
effect of the aggregate particles, particu- 


Fic. 3.—Typical Drill Press Set Up for Dressing Wheel Type of Testing. Used by Northeastern 
University. 


larly where the surface had no special 
treatment such as the use of integral or 
surface hardeners. Under these condi- 
tions, the surface finish wears off quickly 
and the abrasive disk will then proceed 
to ride on the hardest piece of aggregate. 
In actual practice, however, the traffic 
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will wear around the harder particles, 
leaving them protruding and susceptible 
to impact. 

In general, where the conditions of test 
are such that only a surface hardness is 
to be examined, the rubbing action will 
produce satisfactory results. This in- 
cludes toppings containing an integral 
hardener, surface hardeners, various 
types of finishing, and the application of 
film-forming materials such as paints. 

The dressing-wheel type of test, Fig. 3, 
has also been found to be suitable for 
this sort of test. It is, in general, much 
more rapid in action than the rubbing 
type and is a fairly simple piece of equip- 
ment. It can be set up in a drill press and 
does not require an abrasive or water. 
General practice is to clean the surface 
occasionally during the test by blowing 
the dust off the specimen under test. 

When the wear caused by the wheel 
has progressed through the surface of the 
concrete, there is again the tendency for 
the hardest aggregate particle or particles 
to carry the burden. However, this condi- 
tion is not so pronounced with the wheel 
as with the rubbing test, because some of 
the teeth will be making contact at other 
points. There will be a tendency for the 
wheel to bounce because of high and low 
spots, thus causing gouging. The extent 
of this bouncing will be controlled to a 
great degree by the loading pressure ap- 
plied to the wheel and the speed of opera- 
tion. The use of an abrasive and lower 
loading pressures tends to overcome this 
undesirable action. 

The shot-blast test, Fig. 4, may be 
successfully used for surface testing, pro- 
vided due care is exercised to control the 
rate of abrasion. It is possible to adjust 
the rate of flow of shot so that within a 
reasonable period of time it will affect 
only the surface; thus the surface treat- 
ment can be evaluated. On the other 
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hand, the length of test or the flow of 
shot can be increased to provide a more 
severe test that will cut around the ag- 
gregate and loosen it, regardless of its 
relative hardness. 

The use of paints, particularly the rub- 
ber-base type, changes the effectiveness 
of the various tests. In the case of the 
shot blast, there is a tendency for the 
shot to bounce off the surface without 
cutting because of the resiliency of the 
film. Thus, this test becomes of no value. 
The shot blast, of course, will cut through 
a water-base paint or similar film without 
difficulty. However, both the rubbing 
action and the dressing wheel will wear 
through the paint film to the surface of 
the concrete, and it is possible to get a 
measure of the effectiveness of the paint 
as a protective coating. 

Floor hardeners of the surface-applied 
type also pose a problem because they do 
not generally provide a very thick sur- 
face-hardened condition. The more mild 
form of abrasion obtained by the rubbing 
action is more sensitive to slight differ- 
ences in surface hardness than the other 
types of test methods. However, it is 
doubtful if these slight differences are of 
actual value for practical purposes. 

Floors that are subjected to acid con- 
ditions, such as in milk plants and citrus 
fruit packing plants, very often become 
damaged by the acid action to such an 
extent that the abrasion resistance is con- 
siderably lowered. This reduction in re- 
sistance can be measured by all three 
methods under discussion. However, in 
cases of this type, it is the mortar that 
is weakened and, therefore, the shot blast 
is by far the most effective method. The 
dressing wheel would rank second and 
the rubbing action a poor third. The 
trouble with the rubbing action is that 
it will, as previously stated, tend to ride 
on the aggregate, thus greatly ae 
the true condition of the concrete. 


Re 
sis 
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Roads: dubs lished reports concerning the abrasion 
The investigation of the abrasibn re- resistance of concrete roads. Collins and 
sistance of roads dates back to the earli- Waters (20) and Wastlund and Eriksson 
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est tests that were actually applied to (21) have published reports on abrasion 
paving stone. Since the introduction of tests of highway concrete. This work is 
concrete, there have been a few pub- in a somewhat different category from 
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floors, because hardeners, paints, and the 
like are not used. However, investiga- 
tions have shown that compressive 
strength is a very important factor. Data 
obtained indicate that abrasion resist- 
ance increases rapidly with a strength 
increase up to a certain point, depending 
upon aggregate, mix conditions, and type 
of test (20, 23, 24), but beyond this point 
increases in strength have very little ef- 
fect on the abrasion resistance. This 
breaking point in the curve may come 
anywhere between 4000 and 6000 psi. 
Collins and Waters’ data indicate that 
the initial rate of wear of 2000-psi con- 
crete is about five times that of 4000-psi 
concrete. They further conclude that the 
type of aggregate used has an important 
effect on the later stages of wear of 
medium- and low-strength concrete. 
Above 6000 psi the type of aggregate has 
little effect on the wear resistance. Pog- 
any (25) concludes that the abrasion re- 
sistance of concrete with hard dense ag- 
gregate bears no relation to abrasion 
resistance of the aggregate alone. 

The ability of the road surface to resist 
abrasion depends primarily upon the mix, 
the placing, the finishing, and the curing 
of the concrete. Prébably curing is the 
most important factor of those noted 
Improper curing can be very detrimental 
to the best designed and placed concrete 
as far as abrasion resistance is concerned. 
Tests by several investigators have 
shown the great differences in abrasion 
resistance caused by various types of 
curing and times of curing involved. It 
is a well established fact that the longer 
concrete is kept moist after the set has 
taken place, the more complete the hy- 
dration and the better the strength. 
Hence, it can be said that, in general, the 
abrasion resistance of ordinary concrete 
will be nearly proportional to its com- 
pressive strength, a fact that has been 
borne out by several investigations. 
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Since the introduction of the mem- 
brane type of curing compound, atten- 
tion has been directed to the effect of 
such materials on the surface of the con- 
crete. It has been found that some types 
of membrane material may react with the 
surface of the concrete in such a way as 
to inhibit or prevent proper hydration. 
This action, of course, weakens the sur- 
face and consequently reduces its wear 
resistance. Under these conditions, it is 
possible to use any of the three methods 
of test suggested to detcrmine the re- 
sistance to abrasion. However, the dress- 
ing-wheel and shot-blast types are to be 
preferred over the rubbing type because 
the nature of the road surface is generally 
such that large aggregate is at or near 
the surface. Hence, by cutting the mor- 
tar, there will be a tendency to loosen the 
aggregate, thus simulating the action of 
chains or metal wheels on the road. 

Another consideration in connection 
with membrane curing compocnds and 
their effect on abrasion is the tine of 
application. In this phase, the bleeding of 
the concrete is an important factor since 
it, too, has an effect on the surface and 
its resistance to abrasion. 

There is a definite bleeding cycle de- 
pendent upon such things as water-ce- 
ment ratio, aggregate grading, cement, 
temperature of the air, humidity, and 
wind velocity. Also, the use of purpose- 
fully entrained air will bring about 
changes in bleeding. These factors all 
have a direct bearing on the ability of 
the concrete to resist abrasion. Tests con- 
ducted on specimens that were treated 
with membrane curing compounds at 
various periods during the bleeding cycle 
have indicated that if they are applied 
before the concrete has stopped bleed- 
ing, the resultant surface has a relatively 
low abrasion resistance. In other words, 
the abrasion resistance of the concrete 
surface increases as the time of applying 
the curing compound to the concrete ap- 
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proaches the end of the bleeding period. 
There is little difference in the abrasion 
resistance if the curing material is applied 
between the end of the bleeding and the 
beginning of the drying of the concrete. 
However, once the concrete has started 
to lose water by drying after the bleeding 
has ceased, the abrasion resistance starts 
to decrease. This, of course, is due to 
lack of curing and is somewhat propor- 
tional to the degree of curing. The ex- 


(a) Membrane curing compound. 


Fic. 5.—Two Specimens Made from the Same Concrete Mix Showing -” Effects of Curing on 
Abrasion Resistance of Concrete. 


treme is the difference in resistance of 
cured versus uncured concrete, as shown 
in Fig. 5. Burnett and Spindler (22) have 
also shown that the time of set, which 
generally coincides with the cessation of 
bleeding, is a critical point as far as the 
relationship of application of curing com- 
pound to abrasion resistance is con- 
cerned. Investigations of the abrasion 
resistance of concrete with regard to cur- 
ing further illustrate the relationship of 
strength to abrasion. A poorly cured con- 
crete will have low strength and low 
resistance to abrasion compared to con- 
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crete from the same batch that has been 
properly cured. 

Entrained air influences the resistance 
of the concrete to abrasion in about the 
same degree that it affects the strength 
of the concrete. Generally speaking, con- 
cretes containing not over 6 per cent 
entrained air will not show reduced re- 
sistance to abrasion as compared to non- 
air entrained concrete, provided the mix 
has been properly redesigned and all 


(b) No curing. 


other conditions are equivalent (23). It 
has also been noted that concretes of the 
same compressive strength, although 
having a difference of as much as 10 per 
cent in air content, show approximately 
the same resistance to abrasion (24). 
Other factors that tend to affect the 
abrasion resistance of concrete surfaces 
of roads are important but do not usually 
cause variations in the same project. Var- 
iations in the mix brought about by 
water-cement ratio, cement content, and 
aggregate grading all are reflected in the 
resistance to abrasion. Generally speak- 
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ing, these variations follow the change in 
strength due to the above factors. The 
condition of the base on which the con- 
crete is placed has an effect on the abra- 
sion resistance insofar as the base in- 
fluences bleeding. The finishing operation 
and the resulting fines brought to the 
surface by this operation will also have 
a marked effect on the resistance of the 
surface to abrasion by traffic. 


Piles, Footings, Piers, etc.: 


As previously stated, the abrasive 
forces that tend to erode concrete in 
water are developed by the movement of 
the water carrying foreign particles. 
These particles are generally sand and 
often may actually be softer than the 
concrete, but the force exerted by rapidly 
moving water carrying the sand is such 
that a cutting action is produced. 

The most satisfactory method of dupli- 
cating this type of abrasion is obviously 
the shot blast. However, it is possible to 
evaluate the concrete to some degree by 
means of the dressing wheel because of 
the cutting action. 

Concrete for this purpose is usable, 
even after the skin or surface has been 
worn off, except where appearance is an 
important factor. Therefore, in testing 
this type of concrete, consideration of its 
ability to resist abrasion is not only given 
to the surface but also to the basic con- 
crete. After the surface has been cut 
away, the abrasive forces tend to cut the 
weaker portion of the concrete, which 
usually is the mortar, and destroy the 
bond of the aggregate, thus releasing it 
from the mass. The shot blast duplicates 
this action and therefore provides an 
accelerated method of test which cannot 
be duplicated satisfactorily by other 
methods. Kennedy (23) and Witte and 
Backstrom (24) have reported results by 


this method. 
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OTHER METHODS 


Many other methods of test than the 
three mentioned up to this point have 
been used by investigators with varying 
results. 

One such test involved a modification 
of the Los Angeles rattler (7, 8). Con- 
crete cylinders or cubes were placed in 
the machine and tumbled for various 
periods of time. The abrasion resistance 
was then determined by visual observa- 
tion and determination of weight loss. 
This is a rather severe test, involving a 
pounding action not commonly associ- 
ated with abrasion. A hard, brittle con- 
crete might break up in this test, and a 
softer material might stand up. In actual 
field practice, however, the harder con- 
crete would resist abrasive forces much 
better than the relatively softer material. 
Hence, it is not believed that this method 
is well suited for the determination of 
abrasion resistance under such conditions 
as set forth in this paper. 

Another method of determining abra- 
sion resistance is by means of an abrasive 
wheel. A carborundum or similar wheel, 
while moving, is brought into contact 
with the concrete surface. A constant 
pressure is applied and a constant time 
of application is used. The specimen may 
be either wet or dry and generally pro- 
vision is made to remove the abraded 
material during the test interval. This 
method is weak because of variations in 
grinding wheels and variations in indi- 
vidual wheels as they become worn. The 
wheel also will be supported by the 
toughest portion of concrete with which 
it comes in contact and, therefore, meas- 
ures the abrasion resistance of the 
strongest rather than the weakest link. 

Several methods involving balls, shoes, 
and rolls have been used experimentally 
with varying degrees of success. One of 
these, a ball method proposed by R. E. 
Davis of the University of California, 
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develops wear by rolling steel grinding 
media under pressure over the surface 
of the concrete. Provision is made to 
avoid tracking of the balls. The surface 
of the concrete is subjected to flowing 
water to wash the abraded material off 
as it is produced. This apparatus is rather 
bulky and costly, factors which are a 
disadvantage to the method. Also, tests 
to date have not indicated that the re- 
sults obtained are appreciably more con- 
sistent or representative than those with 
other less expensive pieces of equipment. 

There are probably many other meth- 
ods which have not come to the authors’ 
attention, but it is believed that those 
that have been mentioned are typical of 
the various types. 

The losses due to abrasion are gen- 
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erally expressed as percentage weight loss 
or depth of wear. Either one or both are 
applicable to all test methods and may 
be determined by various means. 


CONCLUSIONS 


The results of the investigations to 
date have indicated that there is no one 
method of test for abrasion resistance 
that will satisfy all conditions. The fac- 
tors involved in the various types of 
wear on various concrete surfaces pre- 
clude the use of a single type of test. 
However, it appears possible that a com- 
bination of two types, such as the shot 
blast and rubbing or shot blast and dress- 
ing wheel, may be worked out as a prac- 
tical solution of the problem. 
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CHAIRMAN A. T. GotpBeck.'—Some 
years ago, in fact too many years ago, I 
had something to do with an abrasion 
test—a sand blast test on paving brick, 
using crushed quartz sand. I was inter- 
ested in Mr. Kennedy’s remark on the 
effect of coating the specimen with a 
rubber coating. 

We used a rubber pad with a hole in 
it to control the position in which the 
abrasion took place. That rubber pad 
outlasted many, many specimens of 
brick. When the specimen is coated with 
rubber, the deceleration of the particles 
striking the surface is reduced and 
thereby the striking force is reduced. 

We have had other occasions to use 
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abrasion tests. The old Dorry Hardness 
Test was nothing more than an abrasion 
test. It was designed about 75 yr ago 
in the French School of Bridges and 
Roads for testing the hardness of rock. 
Some years ago we used a wear test in- 
volving a number of emery wheel cut- 
ters mounted on a horizontal axis and 
subjected to a given load for a given 
number of revolutions. 

That device certainly wore the sur- 
face of the specimen. I do not think 
much of it as a test, however, because 
the emery wheel cutter is not designed 
for that purpose. It has a variable con- 
tact area as the cutter wears down, but 
if it could be devised so that the teeth 
were of constant cross-section, I think it 
would make a pretty good test. a 
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PULSE VELOCITY TESTING OF CONCRETE* 
By W. E. 


For some seven years members of the 
research staff of the Hydro-Electric 
Power Commission of Ontario have been 
engaged in the development and applica- 
tion of apparatus for the nondestructive 
testing of concrete. The pulse velocity 
equipment and techniques that were 
adopted because of their suitability to 
the needs of the commission have been 
described on previous occasions before 
this and other societies (1, 2, 3, 4).2 In 
addition, the experiences of others in 
using pulse propagation techniques for 
testing concrete have been recorded 
(5-15). This paper is intended mainly as 
a review of the continuing use of the 
Soniscope by the commission, showing 
the fields in which it is finding its greatest 
usefulness and indicating the limitations 
that have been encountered. The appli- 
cations that will be described include 
surveys of cracks in massive hydraulic 
structures, durability or condition sur- 
veys of old structures, the study of early 
strength development in concrete, and 
laboratory studies involving its elastic 
and mechanical properties. 


APPARATUS 


Since the Soniscope equipment has 
been described in detail in earlier papers 
(1, 2), it is necessary here to mention 
only the main components and the 
general method of operation. The unit 

Presented at the PUypciath Annual Meeting of the 
Society, June 28-July 3, 
earch Engineer, The "Hydro-Electric Power Com- 
Ontario, Toronto, Can. 


2 The boldface numbers in parentheses refer » the list 
of references appended to this paper, see p. 104 
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consists chiefly of an electronic generator 
of repetitive electrical signals, a mul- 
tiple-crystal transmitter to introduce 
ultrasonic pulses into the concrete, and a 
similar crystal receiver. Both the trans- 
mitted and the received pulses are dis- 
played on a time base on the screen of a 
cathode-ray tube from which the time 
of pulse travel can be determined read- 
ily. From the time interval shown by the 
Soniscope and the distance between 
transducers, the pulse velocity between 
them is calculated. 

In use the transducers are placed 
preferably against opposite faces of a 
unit, although signals may be trans- 
mitted for moderate distances when both 
transducers are applied to points on the 
same surface. It has become the general 
practice of the Hydro-Electric Power 
Commission of Ontario, as it has with 
many other Soniscope users, to deal in 
terms of comparative velocity values 
directly rather than to attempt to calcu- 
late the dynamic modulus of elasticity. 
This avoids the introduction of density 
and Poisson’s ratio, both of which are 
difficult to determine for concrete in situ. 
Thus, in this regard, our views are in 
agreement with those expressed by 
Whitehurst (6). 


SURVEYS OF CRACKS 


As was pointed out in earlier papers 
(1, 2), the pulse velocity technique as 
developed by the commission was di- 
rected primarily towards the evaluation 
of surface cracking in major gravity 
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dams, Interest in surface cracking was 
keen in the immediate post-war years 
when the high-lift method of dam con- 
struction which had proved satisfactory 
for smaller structures was being used for 
progressively taller dams. As a conse- 
quence the behavior patterns of cracks 
which sometimes appear in most major 
structures shortly after form removal 
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Some cracks intersecting the access 
tunnels near their portals have been 
difficult to trace because of long trans- 
mission paths and a heavy curtain of 
reinforcing, but these have been shown 
to be restricted at least to the lifts in 
which they occurred. 

Since questions have arisen regarding 
the possibility of cracks existing unde- 
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Fic. 1.—Depth of Surface Cracks in Gravity Dams as Revealed by Pulse Velocity Surveys. 


have been studied in some detail. After 
demonstrating agreement with the 
depths indicated by an earlier dye-injec- 
tion method (16), the pulse velocity 
method was adopted because of its 
superior speed and convenience. Eight 
dams ranging in height from 100 to 235 
ft have been surveyed in whole or in 
part using the pulse technique. Repeated 
observations have shown that surface 
cracks which appear shortly after the 
concrete is exposed may have initial 
average depths as great as 1} ft, but 
these usually close significantly within a 
few months and continue to become 
shallower, although at a decreasing rate 
in succeeding years (Fig. 1). 


tected in the interior of gravity sections, 
this possibility has been investigated by 
installing remote-reading embedded in- 
struments and by pulse transmission 
through the structure. In the larger 
dams the search for such possible internal 
cracks is frequently hindered by the lim- 
iting path distance of 50 to 60 ft. One 
method that has been adopted to over- 
come this limitation is the drilling of ex- 
ploratory holes at a spacing of 40 ft and 
the use of special transducers that will 
function in the 6-in. diameter holes. Suc- 
cessful transmission between such holes 
drilled recently in a 200-ft high dam lends 
support to the negative indications given 
by crack meters and other instruments 
embedded in the same structure. 
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CONDITION SURVEYS 

Many applications have been -found 
for pulse velocity measurements as a 
means of indicating the condition of 
structures. Condition may be considered 
from the standpoint of deterioration or 
of inhomogeneities resulting from segre- 
gation or lack of compaction. Examples 
of studies of deterioration caused by 
weathering, leaching, freezing during 
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Much of the survey time was occupied 
in locating the observation points and in 
shifting the ladders. The apparent pulse 
velocities as measured in the structure 
ranged from below 5000 to over 17,000 
ft per sec. A typical picture of velocity 
distribution for one of the slabs is shown 
in Fig. 2. This indicates how deteriora- 
tion has progressed from some of the 
horizontal construction joints. The ur- 


Fic. 2.—Outline of Deterioration i 


early hardening, and exposure to fire are 
described in the following paragraphs. 


Slab-and-Buttress Dam: 


One of the earliest deterioration sur- 
veys carried out by the commission 
dealt with a dam built in 1914. Some 70 
slabs and an equal number of buttresses 
and haunches were investigated by 
means of the Soniscope; these required a 
total of nearly 50,000 readings, most of 
them taken at a spacing of 1 ft. A three- 
man party, assisted by two laborers to 
handle ladders and scaffolding, com- 
pleted this survey in about 2 months. 
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gency of repairs in each slab is, of course, 
related to the size and location of the 
zones of severe deterioration and also to 
the extent of the more moderately af- 
fected regions. 

Assistance in assessing the significance 
of various velocity levels was provided 
by establishing velocity values for the 
best preserved portions of the structure 
and by removing 2-in. diameter cores at 
key points. Although there was too much 
breakage in the cores taken from low- 
velocity zones to provide a clear relation- 
ship between velocity and strength, there 
was good agreement between velocity 
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and the characteristics of concrete as 
revealed by core breakage and rate of 
drilling. 

Other Hydraulic Structures: 


On a number of occasions Soniscope 
readings have been made on gravity-type 
walls and on portions of hydraulic power 


only a few inches thick and that the 
remainder of the wall is sound as indi- 
cated by satisfactorily high pulse veloci- 
ties. This has been demonstrated by 
chipping the weakened layer away or by 
driving in chisels or railroad spikes until 
good transducer contact is established 
with the sounder underlying concrete. 
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_ Fic. 3.—Pulse Velocity Measurements Through Scrollcase Walls of Generating Station. 


plants and their appurtenances, most of 
which have been in service for 30 to 45 
yr. In some of the gravity walls, espe- 
cially in the northern part of Ontario, 
severe breakdown of the downstream 
face may be found. Occasionally this 
concrete is disintegrated to such an ex- 
tent that pulse transmission through it 
is impossible. However, it is usually 
found that the disintegrated layer is 


Several relatively small low-head 
plants were visited during the summer 
and fall of 1952 in order to secure read- 
ings for future comparisons and to 
investigate certain portions whose ap- 
pearance indicated that some deteriora- 
tion might have occurred. Since the 
plants were in operation, only limited 
parts of these structures could be ex- 
amined successfully; brief shutdowns for 
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routine inspection and maintenance pro- 
vided the only opportunities for examina- 
tion of underwater parts. Some indica- 
tion of the difficulties involved in 
“shooting” through the curved, sloping 
walls of penstocks and scrollcases is given 
by Fig. 3. In particular, there is need for 


accurate location of points of transducer 
application so that the apparent velocity 
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is not unduly affected by errors in the 
calculation of path distance. In general, 
the condition of the concrete in the lower 
parts of the plants was found superior 
to that above water level. Trouble was 
noted in the downstream wall of some 
plants at the level of the scrollcase and 
could be traced to the lack of attention 
given to horizontal joints in the days 
before thorough concrete control was 
exercised. 

Included in one of the power plant 
surveys was the intake wall shown in 
Fig. 4. The velocity “contours” that are 
shown superimposed on the photograph 
indicate a pattern of deterioration that 
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1037 
could not have been deduced from the 
appearance of the surface. 
Switchyard Concrete: 


An interesting study of the neni 
condition of certain piers in a switching 
station was carried out recently. Pulse 
velocity measurements taken as shown in 
Fig. 5 showed that the trouble originated 
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at the top and side surfaces. Repeated 
measurements, after another winter’s 
exposure, revealed significantly advanced 
deterioration in some instances. This 


example tends to show the usefulness of © 


pulse velocity surveys for disclosing, from 
a single survey, uniformity —— 
a structure and, from repeated observa- 
tions, the progress of deterioration. 


Concrete Buildings: 


Accidental damage to concrete during 
building construction may sometimes be 
mapped out rapidly by a pulse velocity 
survey. In one instance the extent of fire 
damage to concrete columns shortly 
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after form removal was readily ascer- 
tained. Interpretation of the velocity 
readings was achieved by determining 
the velocity-strength relationship of a 
group of control cylinders tested at vari- 
ous ages. Another successful study of fire 
damage was reported by Andersen and 
Nerenst (9). 


Numerous instances have occurred in 
which laminated conditions could be de- 
tected by low velocities. The extent to 
which a floor topping had loosened from 
the base slab was disclosed readily in a 
situation where the underside of the 
slab was accessible and so permitted 
transmission through from top to bot- 
tom. Similarly, the gradual separation 
of the elements of a sandwich slab having 
a cellular glass core was successfully ob- 
served as the slab samples underwent 
severe freezing-and-thawing exposure. 
Laboratory measurements on a section 


Fic. 5.—Extent of Deterioration in Small Pier as Shown by Pulse Velocity Readings. 


of a Gunite structure that had failed by 
lamination showed significantly lower 
velocities in the direction at right angles 
to the surface than parallel to it. The 
limits of frost damage producing a similar 
type of failure in a floor slab were also 
disclosed by a Soniscope survey. The 
damage had evidently occurred as the 


result of inadequate protection during a 
prolonged period of cold weather that 
occurred shortly after placing. 


Pavements: 


Because of the commission’s limited — 


interest in concrete pavements, the only 
such survey carried out was the one re- 
ported by Leslie and Cheesman (1). This 
indicated that velocities might range 
from over 16,000 to about 6000 ft per 
sec, and these seemed to agree reasonably 
well with the appearance of the roads. 
Since that time Whitehurst (7), Andersen 
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and Nerenst (9), and Meyer (15) have re- 
ported more extensive work of this na- 
ture. None of these authors has reported 
velocities as low as might be expected 
from the poor surface condition of some 
of the roads tested. From these experi- 
ences it appears that difficulties are likely 
to be encountered more frequently in the 
interpretation of pulse velocity data on 
pavements than on most other concrete 
structures. 


CONCRETE SETTING AND HARDENING 
Setting Behavior: 


Studies of the changes in properties 
associated with the setting of concrete 
have been described by Whitehurst (7) 
and Cheesman (8) and discussed by 
Andersen and Nerenst (9), Jones (13), 
and L’Hermite (14). Curves of pulse 
velocity versus time have usually shown 
a rapid rise during the stiffening period 
followed by a decreasingly rapid rise 
about the time when final set would have 
occurred in the neat cement. 

In measurements on relatively stiff 
concretes, which would permit the re- 
moval of forms shortly after molding, it 
has been possible, as shown by White- 
hurst, to apply transducers directly to 
the concrete and to obtain well-defined 
points of inflection. But in dealing with 
plastic concrete or with high-slump con- 
crete, the mechanics of measurement be- 
come more difficult because the forms 
must be left in place. Embedment of 
transducers has been successful, but this 
procedure limits the number of condi- 
tions that can be studied simultaneously. 
Rubber diaphragms and removable ports 
in the forms have allowed observations 
to be made, although it has been felt 
that some inaccuracies result. High rates 
of attenuation of the pulse in fresh con- 
crete either place serious restrictions on 
the path length or result in poorly-de- 
fined received signals owing to distortion 
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of the original wave form. Certain meas- 
urements made in the commission lab- 
oratory on plastic concretes have failed 
to disclose a clear point of inflection 
corresponding to final set. It is believed 
that Bureau of Reclamation tests also 
show no clear point of inflection. 

It appears, therefore, that the Soni- 
scope method offers a means of studying 
the setting characteristics of concrete 
but that further refinements in technique 
are desirable in dealing with the wetter 
mixes. 


Strength Development: 


There has naturally been a good io 
of speculation regarding the possibility 
of predicting the test strength of con- 
crete from pulse velocity measurements. 
The earliest commission data were re- 
ported by Cheesman (8). From these it 
was believed to be feasible to estimate the 
compressive strength with a useful de- 
gree of accuracy only in the very low 
ranges. However, this suggested a field 
of application in checking the safety of 
shore or form removal and of detecting 
lack of uniformity of the concrete in a 
structure. 

In a later series of proportioning tests 
for a large construction project, the pulse 
velocity of all specimens was determined 
immediately before the compression test. 
On this occasion, however, the velocity 
was measured with somewhat greater 
precision by using the 12-in. axial path 
rather than a 6-in. diameter as was done 
in the earlier series. Only one type of 


aggregate was used. Two sources of type : 
I cement were included as well as three 


kinds of blended cement. Admixtures 
investigated were air-entraining, ac- 
celerating, and water-reducing types. In | 
studying the curves plotted for each of | 
the 46 mixes, no significant differences — 
in the pulse velocity versus strength re- _ 
lationships were detected and hence the 
data reflected, quite effectively, the dif- 
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ferent rates of early strength develop- 
ment. 

A correlation analysis of all the data 
treated without regard to differences in 
cements, admixtures, and curing condi- 
tions yielded a linear relationship be- 
tween pulse velocity and the logarithm 
of compressive strength. From this the 
test strength of specimens could be pre- 
dicted from velocity readings with the 
following degrees of certainty: 


: Estimated Lower 95 per cent 
Pulse Velocity, Strength (Mode), Confidence 
ft per sec psi Limits, psi* 
184 
292 135 
460 213 
730 337 
1150 533 
800 842 
1329 
4440 2099 


@ These upper and lower confidence limits define a zone 
within which results may be expected to fall 95 per cent of 
the time. 


Owing to skewness, the upper confi- 
dence limits were between four and five 
times as great as the lower limits. How- 
ever, in applications where it is necessary 
to insure only a minimum strength re- 
quirement, the magnitude of the upper 
confidence limits does not present a 
serious limitation. For some purposes, 
then, the prediction of compressive 
strength from pulse velocity may have 
practical value at levels below 1000 or 
1500 psi where the possible errors are 
not likely to be greater than a few hun- 
dred pounds per square inch. However, in 
the usual range of working strengths (from 
2000 to 5000 psi), possible errors in pre- 
diction which increase correspondingly 
from 1000 to 2000 psi or more are usu- 
ally far too great to clearly disclose any- 
thing less than gross strength variations. 

Although the above analysis shows a 
somewhat disappointing picture, the ac- 
curacy of a strength estimate for a por- 
tion of a given structure will probably be 
somewhat greater. This may be ascribed 
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to the elimination of the many mix varia- 
tions that were included in the above 
estimate and to the longer path distance 
that is usually possible. In addition, the 
use of pulse velocity on concrete in situ 
does not involve the variance introduced 
by individual compression test values. 
Accordingly, as Jones (13) has demon- 
strated, pulse velocity measurements are 
finding a number of useful applications 
in establishing acceptable strength limits. 


LABORATORY TESTING 


Where pulse velocity apparatus is 
available in a laboratory, it will soon be 
found to have many uses, especially in 
supplementing the information obtain- 
able from other tests. 

In detecting and charting the course 
of breakdown of durability specimens, 
the test shows some advantages over the 
resonant frequency method, especially 
from the standpoint of speed and ability 
to check the condition of a specimen 
along several paths. Although the in- 
ternal changes in specimens exposed to 
freezing-and-thawing conditions are de- 
tected readily by reductions in pulse 
velocity, limited data suggest that the 
expansion produced by certain aggre- 
gates in the wetting-drying, heating- 
cooling test does not bring about cor- 
respondingly great changes in velocity. 

While all organizations engaged in 
pulse velocity testing have investigated 
to some extent the effects on pulse 
velocity of factors such as aggregate and 
cement type, mix proportions, moisture 
content, admixtures, and reinforcing, the 
results reported at various times have 
not all been in full agreement. However, 
the extensive work in this field that was 
reported recently by Jones (13) should 
serve as a valuable reference for some 
time to come. The tests, which were 
carried out with relatively high-fre- 
quency, short-range apparatus, seem to 
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reflect a higher degree of accuracy of 
velocity measurement than similar work 
with the standard Soniscope. This may 
help to explain an occasional lack of 
conformity between Jones’ findings and 
Soniscope findings in certain laboratory 


studies. 

1. The limit of transmission distance 
ranges from a few inches in incoherent 
concrete, which is incompletely set or is 
seriously deteriorated, to a maximum of 
50 or 60 ft in concrete of high quality. 

2. The depth of surface cracks in 
major structures may be ascertained 
with suitable observational techniques. 

3. The absence of internal cracking in 
mass concrete is indicated by pulse trans- 
mission through the mass at normal 
velocity; the presence of such cracks 
would be suggested by absence of a re- 
ceived signal or abnormal delay in its 
arrival. 

4. Deterioration may be clearly de- 
tected in either structures or in labora- 
tory freezing-and-thawing specimens. 
Where possible, interpretation of the 
data may be enhanced by earlier refer- 
ence measurements and by supplemen- 
tary information such as may be provided 
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by .coring, physical examination, and 
testing. 

5. Within limitations imposed by high 
attenuation and form interference, the 
setting behavior of concrete may be 
studied. 

6. Compressive strength can only be 
approximated even with known ma- 
terials. However, the accuracy obtainable 
may be adequate for controlling the re- 
moval of forms and for revealing serious 
inadequacies of concrete in situ. 

From the foregoing it has been shown 
that pulse velocity techniques offer many 
possibilities for the rapid, non-destructive 
testing of concrete either in the labora- 
tory or in field structures. The known 
limitations in application and interpre- 
tation have been pointed out and even 
emphasized in order to discourage undue 
optimism by potential users. However, 
the commission’s experience over a period 
of years with several Soniscope units has 
established a high degree of confidence 
in the indications provided by pulse 
velocity measurements, especially when 
these are obtained by crews trained in 
observation and interpretation. It is to 
be expected that the future will bring to 
the method new uses and greater dis- 
criminating power in its present applica- 
tions. 
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Mr. R. Jones! (by letter).—Mr. 
Parker has presented an excellent brief 
summary of the use of the pulse tech- 
nique for testing concrete. The work of 
the Hydro Electric Power Commission 
on dams and other large structures pro- 
vides admirable examples of the practical 
application of the technique. 

At the Road Research Laboratory, 
England, we have been more concerned 
with smaller distances of propagation, 
and our work suggests that the technique 
is also applicable to testing new struc- 
tures. In such favorable conditions, the 
strength im sifu can be obtained to a 
much better accuracy than is possible 
from conventional static tests.” 

Our major problem is to apply the 
technique to road pavements, but here, 
as with Mr. Parker, we find difficulty 
in interpreting the results. Measurements 
of the wave velocity along the surface of 
the pavement do not reveal any changes 
in density which may occur with depth 
in poorly compacted concrete. Even in 
well-compacted concrete we have found 
a discrepancy between the wave velocity 
along the surface and through cores cut 
from the pavement. We have always 
aimed at using a reflection technique on 
pavements, and with the advent of 
barium titanate transducers this becomes 
a distinct possibility.2 The National 


1 Road Research Laboratory, Department of Scientific 
and Industrial Research, Harmondsworth, England. 
2R. Jones, Testing of Concrete b 
Pulse Technique,” Proceedings, Highway Research Board, 
Vol. 3, BP. 258-275 (1953). 
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Physical Laboratory has reported suc- 
cessful pulse reflection in small samples 
6 to 18 in. thick under ideal conditions 
when top and bottom surfaces were 
smooth and parallel. Our subsequent 
experience on pavements in situ suggests 
that any unevenness on the underside 
will be a severe handicap. In conse- 
quence, we are investigating the pos- 
sibility of using sustained vibrations of 
low frequency as suggested by Gerald 
Pickett. 

Mr. W. E. PARKER (author’s closure). 
—I agree that for short path distances 
the higher frequency propagation 
adopted by the Road Research Labora- 
tory may achieve greater discrimination 
than is possible with the longer-range 
Soniscope apparatus. Hence, Mr. Jones 
will undoubtedly experience greater suc- 
cess in predicting strength of concrete 
in situ within the operating range of this 
form of the apparatus than was indicated 
for the Soniscope. 

The pulse reflection method, if present 
difficulties can be overcome, would be of 
great value in many instances. It is 
encouraging to learn that some measure 
of success has been attained with this 
method, even if only under ideal condi- 
tions. Although it seems probable that 
the sustained vibration technique will be 
limited somewhat by boundary effects it 
is interesting to learn that the possibili- 
ties of the method are now being actively 
investigated. 


‘4 “The Dynamic Testing of Pavements,” 
¢ _ Am. Concrete Inst., Vol. 16, No. 5, pp. 473-489 
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DETERMINATION OF COMPRESSIVE STRENGTH OF CONCRETE BY 
USING ITS SONIC PROPERTIES* 


By Crype E. Kester! anp Yossrro Hicucar 


SYNOPSIS 


In predicting the quality of concrete by sonic methods, the prediction is _ 
usually based on the initial modulus of elasticity; however, considering concrete — 
as viscoelastic, an analysis of a rheological model of concrete clearly shows 
that a property in addition to the initial modulus of elasticity must be con- — 
sidered. The one property, other than modulus of elasticity, that promises 
to be of greatest help in predicting the strength of concrete is the coefficient of 
viscosity. While this property may be an excellent one to use, it cannot be | 


which is related to the coefficient of viscosity, can be easily obtained from 
sonic tests. 

To establish whether or not there exists a relationship between the modulus 
of elasticity and damping capacity of concrete and the compressive strength 
of concrete, some 300 standard 6 by 12 in. cylinders were tested. From the 
test data a set of curves is obtained from which the strength of concrete, made 
of aggregates used in this investigation, can be predicted. The accuracy of 
the prediction is generally within an error of 5 per cent. This accuracy can 
be obtained without knowledge of the age, mix, or moisture content of the 
concrete. The results clearly show why the use of the modulus of elasticity 
alone is not sufficient to predict accurately the strength of concrete. 


In the study of plain concrete, it is 
often desirable to be able to determine 


It is desirable in the type of studies just 
mentioned to determine the physical 


determined readily from sonic tests of concrete; but, logarithmic decrement, _ 


certain physical properties without sub- 
jecting the specimen to a destructive 
test or even to stresses higher than a 
small percentage of the ultimate stress. 
The determination of properties such as 
the dynamic modulus of elasticity and 
the damping capacity may be of par- 
ticular importance in the study of 
fatigue, creep, and durability of concrete. 


* Presented at the ie = sixth Annual Meeting of the 
Society, June 28-July 3, 1953 

| Assistant Professor of Theoretical and Applied Me- 
chanics, University of Illinois, Urbana, Ill. 

2 Research Engineer for Japanese National Railweys, 
Tokyo; formerly graduate student in the Dept. of The- 
Applied Mechanics, University of Illinois, 

rbana 


properties of the same specimens upon 
which the studies are being conducted; 
and of course, in order to do this, a non- 
destructive means of testing must be 
used. Sonic testing of concrete has been 
recognized for several years as a useful 
and powerful non-destructive means for 
studying the quality of concrete. The 
object of the investigation discussed in 
this paper was to determine what sonic 
properties of concrete, if any, would en- 
able one to predict accurately the com- 
pressive strength of the concrete. 

Engineers have believed for many 
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years that a relationship exists between 
the modulus of elasticity and .com- 
pressive strength of concrete. Several 
experimental formulas have been pre- 
sented giving such a relationship; how- 
ever, it is possible to be more than a 
hundred per cent in error if these formu- 
las are used for material or conditions for 
which they were not derived. Thus, it 
becomes clear that if the compressive 
strength of concrete is to be predicted 
with any degree of accuracy, some 
physical property in addition to the 
modulus of elasticity must be used. 


AAA 


Fic. 1—Simplest Mechanical Model Which 
Can Be Considered to Represent Concrete. 


Furthermore this additional property 
must be one which can be obtained in a 
non-destructive test. 

If an analysis is made of the rheological 
model shown in Fig. 1, which is the 
simplest model which may be assumed 
to represent concrete, it becomes clear 
that damping properties should be taken 
into consideration as well as the elastic 
properties. Thus, it would seem clear 
that knowledge of the coefficient of 
viscosity would be extremely useful in 
predicting the behavior of concrete. Al- 
though this property cannot be deter- 
mined readily from sonic tests of con- 
crete, the logarithmic decrement, which 
is a measure of the specific damping 
capacity and is related to the coefficient 
of viscosity, can easily be obtained from 
sonic tests. 

The dynamic modulus of elasticity 
may be determined from the resonant 
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frequency of the specimen and may be 
computed by the following equation :* 


where: 
p = dynamic modulus of elasticity, 


resonant frequency, 

= weight of specimen, and 

= a factor which depends upon the 
shape and size of specimen, the 
mode of vibration, and Poisson’s 
ratio. 


Graphs are given by Pickett* for de- 
termining the size and shape factor C. 

While the logarithmic decrement may 
be obtained in several ways, it may be 
obtained most easily by measuring the 
sharpness of the resonance curve and 
may be computed from the following 
approximate equation :* 


Qs 


(fe — fi) 
(2) 
where 
5 = logarithmic decrement, 
fo = resonant frequency, and 
fi, fo = frequencies on either side of 


resonance at which the ampli- 
tude of vibration is 0.707 of the 
maximum. 


This method of obtaining the logarithmic 
decrement was chosen because of its 
simplicity. 


APPARATUS 


A schematic diagram of the apparatus 
used in this investigation is shown in 
Fig. 2. All equipment was selected and 
used so as to meet the requirements of 
the ASTM Tentative Method of Test 
for Fundamental Transverse and Tor- 
sional Frequency of Concrete Specimens 


3 Gerald Pickett, ““Equations for Computing 
Constants from Flexural and Torsional esonant Fre- 
quencies of Vibration of Prisms and Cylinders,”’ Proceed 
ings, Am. Soc. Testing Mats., Vol. 45, p. 846 (1945) 

Thomson, “Measuring Changes in Physical 
penis of Concrete by ‘the Dynamic Method,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 40, p. 1113 (1949 
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(C 215 T).5 The oscillator is a Hewlett- 
Packard Model 200-I tuned circuit type. 
It covers a frequency range of 6 to 6000 
cps and delivers approximately 10 v. 
The oscillator feeds a Knight 10-w 
power amplifier which in turn controls 
the driver. 

The driver consists of a standard 
Jensen 8-in. speaker modified as follows: 
the protecting felt covering over the 
voice coil was removed and a small 


KESLEk AND Hicucui 


of the cone was removed. However, suf- 
ficient cone was left to support ade- 
quately the voice coil. 

The specimen is vibrated by placing 
the }-in. aluminum rod in firm contact 
with it. The vibration of the specimen 
excites a small crystal pickup in a Brush 
model KN-1 “Vibromike,” which is a 
contact microphone of the inertia type 
with a frequency range from 30 to 6000 
cps. Below 1000 cps the pickup delivers 


Power 
Amplifier 


Oscillator 


_j Frequency 
+ Counter 
Amplifier 
Oscillosco & 
Voltmeter 


aluminum rod was cemented to the 
voice coil. A length of }-in. round 
aluminum rod was then attached to the 
first rod to act as a driving rod. The 
driving rod was initially supported at 
the face of the speaker by a thin leather 
diaphragm. However, in the belief that 
excessive damping in the speaker may 
have been produced by this leather sup- 
port, it was removed after the tests had 
begun and was replaced by two very 
thin brass straps. There was no notice- 
able change of damping in the speaker. 
As an aid to eliminating damping and 
also to reduce the noise, a major part 
§ 1952 Leet a ASTM Standards, Part 3, p. 1072. 
13000 


Fic. 2.—Schematic Diagram of Apparatus. : 


a voltage proportional to the acceleration 
it receives from the vibrating specimen. 
Above 1000 cps the voltage delivered is 
proportional to the velocity of the vi- 
brating body. 

Amplification for the pickup and a 
meter for indicating the strength of the 
signal picked up are combined in a single 
unit, Hewlett-Packard Model 400-C, 
vacuum tube voltmeter. It has a fre- 
quency range from 20 to 2,000,000 cps. 
The amplifier provides a gain of approxi- 
mately 50 decibels. A DuMont 274-A 
cathode ray oscilloscope with ASBP1A 
cathode ray tube is used with this equip- 
ment more as a matter of convenience 
than necessity. The oscilloscope may be 
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| Mix by Weight 


Water- Cured 
BG # | by Weight | Moist, 
days 
IA 1:1.72:2.85 0.467 } 
7 
7 
IB 1:1.74:2.87 0.446 7 
14 
28 
91 
7 
7 
7 
7 
Ic 1:1.77:2.92 0.420 
| 7 
7 
IIA 1:2.28:3.31 0.555 
7 
7 
7 
7 
IIB 1:2.31:3.34 0.530 Ri 
28 
91 
7 
7 
7 
IIc 1:2.33:3.39 0.498 
7 
7 
7 
7 
IIA 1:3.14:3.93 | 0.681 
7 
7 
1:3.17:3.96 0.651 
28 
91 
7 
7 
7 
7 
IlIC 1:3.22:4.03 0.612 
7 
7 
IVA 1:3.79:5.28 0.860 
7 
7 
vc 1:4.36:6.19 0.860 
28 
91 
7 
7 


ret 


21° 
84 


Tested 


a 
SSRSSe BF 


Se 
BREE SS 


AN Anan 


2es8 NAB INO 


We 


| 


esse 


By 


sees 
22 B88 


82 


Seo 
a IOP OM 


esse sess 
oso ooo 
S22 BSE 


esse 
ooco coo 
S822 S88 


0.059 


o 


SE 
aAanow 


8 


* Soaked in water one day after being cured seven days moist and one day dry. 


f- 
e- 
—| mmm | fee, a 3 
on Wet 7 X 106 3920 
; 7 Dry 14 |_| 4760 
sh 21 Dry 28 4720 
a 34 Dry 91 5000 
e Wet 7 4390 
Wet 14 4590 
0 Wet 28 5430 
rs 7 4890 
21 28 5930 
84 Dry 91 5870 
i Dry 8 4340 
Wet 7 5270 
Dry 14 5520 
Dry 28 6970 
Dry 91 6790 
Wet 7 3410 
Dry 14 4530 
Dry 28 5070 
Dry 91 5370 
Dry 8 3640 
Wet 9* 3690 
Wet 7 § 3610 
Wet 14 s 4520 
Wet 28 § 4830 
Wet 91 5390 
7 Dry 14 r 4380 
21 Dry 28 | 5530 
84 Dry 91 $720 
Wet 7 { 4240 
7 Dry 4 «|! 5200 
21 Dry 28 5460 
84 Dry 91 5710 
1 Dry 8 3700 ‘ 
1 Wet ad 3700 
Wet 7 2980 
7 Dry 14 3550 
21 Dry 28 4110 
84 Dry 91 4040 
Wet 7 2860 
Wet 14 3920 
Wet 28 4040 
Wet 91 4370 
7 Dry 14 3580 
21 Dry 28 4120 
84 Dry 91 4240 
1 Dry 8 2730 
Wet 7 3350 
| 7 Dry 14 4160 
21 Dry 28 4260 
84 Dry 91 4980 
Wet 7 iz 1390 
7 Dry 14 iz 1710 
21 Dry 28 2070 
84 Dry 91 2680 
Wet 7 1890 
Wet 14 2300 
Wet 28 2560 
Wet 91 2940 
Dry 28 2200 
2470 
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used as anaid in checking the other equip- 
ment and is most frequently used to indi- 
cate the mode of vibration of the specimen. 

Because of the accuracy required in 
determining the quantity (f2 — fi) of 
Eq 2, the frequencies are determined by 
use of a Berkley Eput Meter Model 
554B. With the use of this frequency 
counter it is possible to measure the fre- 
quencies from the oscillator to approxi- 
mately 7s cps. However, this accuracy 
was not needed from a practical stand- 
point, and the frequencies were deter- 
mined only to the nearest cycle. Equip- 
ment by other manufacturers may be 
used with equal facility. The particular 
components of this apparatus were used 
because of their availability. 

The relative error in determining the 
modulus of elasticity, Ep, caused by using 
incorrect frequency readings is, from 
Eq 1: 


dC dw. 2dfy 


Ep Cc w fo 7 

This equation shows that for an error 
of 0.5 per cent in reading fo, the error in 
Ep will be 1 per cent. The scales of most 
oscillators are marked in such a manner 
that it is not difficult to read them within 
0.5 per cent error and a 1 per cent error 
is generally permissible. However, to 
assure that the error in reading the fre- 
quency is within 0.5 per cent, the oscil- 
lator must be correctly calibrated and 
the scale must be correct. This possible 
difficulty is avoided by the use of the 
frequency counter. 

The relative error caused in the log- 
arithmic decrement, 4, by incorrect fre- 
quency readings is, from Eq 2: 

d — fi) 


(fe — fi) fo 


_ Here the difficulty is in the determina- 
tion of the quantity (f2 — fi). The magni- 
tude of this quantity is only about 0.01 
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of the resonant frequency. Hence an 
error of 9.5 per cent in reading /, and f 
could cause an error of 100 per cent in 
the term (/2 — f,). By using the frequency 
counter and taking the average of three 
readings to determine f; and fo, the 
maximum error should be less than 2 
per cent in logarithmic decrement, 6. 


TEsT PROCEDURE AND RESULTS 


Because of the fundamental nature of 
this study only one size specimen, the 
standard 6 by 12-in. cylinder, was used. 
These were cast in steel molds. The con- 
crete mixes were designed so as to cover 
almost any strength concrete that might 
be used on the majority of jobs. The water 
cement ratio varied in such a manner 
that the slump varied from approxi- 
mately 1 to 7 in. Different curing pro- 
cedures were used and some cylinders 
were tested wet and others dry. The 
mixes, curing conditions and results of 
both the dynamic and static tests are 
given in Table I. All experimental values 
represent the average of five cylinders, 
except in a very few cases where only 
four were tested. 

The fine aggregate was a Wabash 
River sand with a fineness modulus of 
about 3.0. The coarse aggregate was a 
well-rounded Wabash River gravel of 
1-in. maximum size. Both of these ag- 
gregates passed the usual specification 
tests. The cement used was a Type I 
portland cement. 

The “double hump”’ characteristics of 
the frequency-response curves for certain 
concrete specimens, as noted by Thom- 
son, were also observed by the authors 
in only a few of the specimens tested. 
The following observation was made in 
testing 6 by 12-in. concretecylinders. If 
a double hump was noted, either hump 
could be made the predominating one by 
merely changing the plane of vibration. 
This phenomenon may be caused either 
by the inherent heterogeneity of concrete 
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Fic. 4.—Effect of Curing on the Dynamic Modulus of Elasticity. 
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or by a slight lack of symmetry in the 
shape of the specimen. As a result, all 
concrete cylinders tested in this investi- 
gation were vibrated in three planes at 
angles of approximately 120 deg to each 
other. These readings were averaged and 
the result was considered to be the read- 
ing for the specimen. 
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4, Furthermore it may be concluded 
from the relationship of the logarithmic 
decrement to the water-cement ratio 
that logarithmic decrement, if used 
alone, is not a measure of concrete 
strength. 

The influence of strength, age and 
curing on the dynamic modulus of elas- 


A graphical presentation showing the 
influence of water-cement ratio, age, and 
curing on the logarithmic decrement is 
given in Fig. 3. Four conclusions may be 
drawn from the figure: 

1. If the curing conditions are the 
same, the logarithmic decrement de- 
creases with an increase in age. 

2. The logarithmic decrement de- 
creases as the moisture content of the 
specimen decreases. 

3. The logarithmic decrement becomes 
less dependent on water-cement ratio as 
the moisture content decr ’ 
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Fic. 5.—Relation Between Dynamic Modulus of Elasticity, Logarithmic Decrement, 
and Compressive Strength. 


ticity is shown in Fig. 4. The following 
conclusion may be drawn from this 
figure: 

1. For the same curing conditions, the 
modulus of elasticity increases as the 
strength increases. 

2. If the concrete is kept moist, the 
modulus of elasticity increases with age, 
and if the concrete is allowed to dry 
the modulus of elasticity decreases with 


age. 
3. Modulus of elasticity, if used alone, 
is not a measure of concrete strength. 
The conclusion that neither logarith- 


| 
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mic decrement nor modulus of elasticity 
alone is sufficient to estimate the com- 
pressive strength was predicted on the 
basis of previous investigations by others. 
It was further suggested that the com- 
bination of logarithmic decrement and 
modulus of elasticity should be useful 
in predicting the compressive strength. 
The interrelation of these three variables 
has been determined from the test re- 
sults given in Table I and is represented 
by the empirically derived curves in 
Fig. 5. 

In general the lines of equal modulus of 
elasticity which have positive slope indi- 
cate concretes that have been moist 
cured until tested in a wet condition; 
those with negative slopes indicate con- 
crete that hasbeen allowed todry, after an 
initial moist curing period, and tested dry. 

With the aid of Fig. 5 it is a simple 
matter to predict the compressive 
strength of concrete. The diagram should 
be entered on the horizontal axis with the 
logarithmic decrement and this point 
projected upward to the proper value of 
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the modulus of elasticity; the compres- 
sive strength can then be read on the 
vertical axis. The concrete strength de- 
termined in this manner from Fig. 5 will 
usually agree with the values given in 
Table I within 10 per cent regardless of 
age, mix, or curing. The concrete was in 
all cases a workable mix. Additional ex- 
perience at the University of Illinois 
with cylinders whose mix, age, and curing 
were unknown to the authors indicated 
that compressive strength could be pre- 
dicted with an average error of about 3 
per cent. 

To estimate the strength of concrete 
using other aggregates such as light 
weight aggregates, other types of cement 
and mixes containing admixtures, this 
diagram may have to be modified. 
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Mr. J. R. Lestre.'—Would Mr. Kesler 
state whether or not he investigated the 
change in damping factor with frequency 
or size of the specimen. Presumably the 
damping factor increases with the fre- 
quency of test; hence the smaller the 
specimen the greater the decrement. 
Families of curves would be required for 
different conditions met with in practice. 

Mr. C. E. Kester (author).—What 
Mr. Leslie says is true; as the frequency 
increases the damping factor increases 
and the dynamic modulus of elasticity 


1 Research Engineer, The Hydro Electric Power Com- 
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DISCUSSION 


decreases. While not reported in this 
paper, we have made tests on specimens 
of different sizes—the different sizes 
giving different frequencies. We believe 
that this phenoirenon should properly be 
termed frequency effect and not “size 
effect” as previously in the literature. 
Further work should be done along this 
line so that there need be no restriction 
0. size of specimen for test purposes in 
order for a laboratory to obtain repro- 
ducible results and in order that several 
laboratories may obtain comparable re- 
sults, regardless of size of specimen. 
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COMPARISON OF DYNAMIC METHODS OF TESTING CONCRETES 


SYNOPSIS 


The results of resonant frequency and velocity (soniscope) tests on concrete 
mixes of varying durabilities when subjected to freezing and thawing are dis- 
cussed. Changes in velocity squared and in modulus of elasticity calculated 
from resonant frequency are compared For two mixes, the tests included 
dynamic determinations of Poisson’s ratio. Poisson’s ratio values so obtained 
were used to calculate modulus of elasticity values from velocity, and these 
were compared with the values obtained from resonant frequency tests. 

It was concluded that, for the concretes tested, the velocity tests were less 
sensitive than resonant frequency ‘measurements as a measure of the deteri- 
oration of the specimens. No advantage was found in calculating modulus of 
elasticity values from the velocity measurements; change in the velocity 
squared was a better measure of deterioration. Differences between the changes 
in these two quantities were caused by apparent changes in Poisson’s ratio 
during the freezing and thawing of nondurable concrete. 


In recent years, dynamic techniques 
have been widely used in concrete 
testing, principally in connection with 
durability studies. The basic theory 
on which these test methods are based 
has been known since 1877, when Lord 
Rayleigh reported the mathematical 
relationships existing between resonant 
frequency of vibration of a specimen, 
the velocity of sound through the 
material, and its modulus of elasticity 
(12).2 The modulus of elasticity may be 
expressed in terms of the specimen di- 

* Presented at the Fifty-sixth Annual Meeting of the 
Society, June 28-July 3, 1953 

1 Engineer, aterials and Research Section, New 
Hampshire Department of Public Works and Highw ays, 
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2 Research Engineer, Joint Highway Research Project, 
Purdue Univ any. Lafayette, Ind. 
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mensions and density and either the 
resonant frequency of vibration or the 
velocity of sound. 

Dynamic testing techniques are di- 
vided into two general methods, one 
based upon determination of the funda- 
mental resonant frequency of vibration 
of a specimen and the other upon meas- 
urement of the velocity of a compres- 
sional wave through the material. 

Investigations of the resonant fre- 
quency technique by Powers (11), Horni- 
brook (4), Thomson (13), Obert and 
Duvall (9), and others led to the publi- 
cation, in 1947, of an ASTM Tentative 
Method of Test for Fundamental Trans- 
verse Frequency of Concrete Specimens 
for Calculating Modulus of Elasticity 
(Sonic Method) (C 215-47 T).4 This 


41949 Book of ASTM ew Part 3, p. 855, 
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method has subsequently been revised 
and enlarged® to include determination 
of the fundamental torsional frequency, 
permitting calculation of modulus of 
elasticity, modulus of rigidity, and 
Poisson’s ratio using the equations given 
by Pickett (10). The use of the funda- 
mental longitudinal frequency to deter- 
mine the modulus of elasticity is de- 
scribed by Obert and Duvall (9). 

Correlations of changes in the dynamic 
modulus of elasticity with the deteriora- 
tion of concrete subjected to freezing 
and thawing and with changes in the 
flexural strength were made by Horni- 
brook (4), Thomson (13), Willis and 
DeReus (19), and others. As a result, 
the test is widely used in durability 
testing of concrete. The method is re- 
stricted to tests on laboratory specimens 
with uniform cross-sections. 

Investigations using velocity measure- 
ments, which are not affected by speci- 
men shape and can be used in the field, 
apparently were started by Long and 
Kurtz (6). Later reports by Long, Kurtz, 
and Sandenaw (7) and West (14, 15) 
gave test results of a similar nature 
involving measurement of the transit 
time of a single impact pulse through the 
concrete between two pickups. 

An electronic instrument, known as 
the soniscope, was developed by the 
Hydro-Electric Power Commission of 
Ontario, Toronto, Can., and was de- 
scribed by Leslie and Cheesman (5). 
Repetitive pulses of high-frequency 
sound are generated by the instrument, 
and the transmission time of the signals 
through the concrete is accurately meas- 
ured. Reports by Cheesman (3), White- 
hurst (16, 17, 18), Batchelder (2), Arndt 
(1), and Meyer (8) have illustrated some 
of the uses of the soniscope in concrete 
testing. The modulus of elasticity can be 
calculated from the velocity, the density, 


5 Tentative Method of Test for Fundamental Trans- 
verse and Torsional Frequencies of Concrete Specimens 
(Cc = 52 T), 1952 Book of ASTM Standards, Part 3, 
p. 1072. 
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and Poisson’s ratio for the concrete. 
Since density and Poisson’s ratio are 
usually unknown for concretes in the 
field, the test results are frequently left 
in terms of the velocity. 

This paper reports the results of lab- 
oratory tests to compare the resonant 
frequency and velocity test techniques 
for determining the deterioration of 
laboratory specimens of concrete sub- 
jected to freezing and thawing, and to 
compare the actual moduli of elasticity 
values computed from the results ob- 
tained by the two test methods. Theo- 
retically, the same results should be 
obtained from tests on the same specj- 
mens by the two methods. 

Two series of tests were conducted. 
The first, designated as series A, in- 
volved transverse resonant frequency 
and velocity tests on three concretes 
(two mixes of each). Comparisons of 
test results were made on the basis of 
changes in velocity squared and in the 
dynamic modulus of elasticity calculated 
from the transverse frequency during 
freezing and thawing. In series B, tests 
were run on two concretes (one mix of 
each). Longitudinal, transverse, and 
torsional frequencies were determined 
and velocities measured in this series. 
Values of the modulus of rigidity and 
Poisson’s ratio were obtained, and moduli 
of elasticity were computed from the 
longitudinal and transverse frequencies 
and from the velocities. 


MATERIALS AND TEST PROCEDURES 
Concrete Materials: 


All comparisons made of the test 
results obtained in this study are re- 
stricted to tests made on the same 
specimens. Therefore, detailed informa- 
tion on the materials used has been 
omitted. 

Series A.—Type I cement, laboratory 
No. 307, and fine aggregate from source 
No. 79-1, a glacial material with a good 
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field performance record, were used 
throughout the test series. The’ coarse 
aggregate was a glacial gravel, source 
No. 84-1G, with a poor field performance 
record. For part of the mixes, this 
gravel was modified by removing light- 
weight particles from it. For mixes 
43-1 and 43-2, all material having a bulk 
saturated surface dry specific gravity 
less than 2.30 was removed, while 
material lighter than 2.50 was removed 
for mixes 45-1 and 45-2. 

Series B.—A different type I cement, 
laboratory No. 310, and fine aggregate 
79-1 were used in this series. A glacial 
gravel, 79-1G, with a good field perform- 
ance record, was used as the coarse 
aggregate. 


Concrete Mixes: 


The maximum size of aggregate used 
was 1 in., with the same gradation used 
for all mixes. The coarse aggregate for 
series A was vacuum-saturated before 
mixing; that for series B was immersed 
for 24 hr. Air entrainment was ac- 
complished by the use of neutralized 
Vinsol resin in all mixes except mix 1 in 
series B. 

All concrete was mixed in a Lancaster 
tub-type mixer and placed in 3 by 4 by 
16-in. beam molds. Mixing and placing 
procedures were the same for all mixes. 
Duplicate mixes were made on different 
days for series A. 

General properties of the concrete 
mixes used are shown in Table I. Values 
shown for series A are the averages for 
the duplicate mixes; for series B, they 
are for only one mix. 


Curing and Freezing-and-Thawing Tests: 


All specimens were cured for 28 days 
completely immersed in water at 70 F, 
except those from mix 1, series B, which 
were cured only 21 days. At the end of 
the curing period, three beams from 
each mix in series A and eleven from 
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each mix in series B were subjected to 
alternate freezing and thawing. The cycle 
consisted of a 16-hr freezing period and 
an 8-hr thawing period. Freezing was 
done in air at —18 F in a walk-in freezer; 
thawing was in running tap water at 
55 F. Resonant frequency and velocity 
tests was made periodically during 
freezing and thawing. At the end of the 
testing, beams were broken in flexure. 


Dynamic Tests: 


The soniscope used for the velocity 
tests was built in the Joint Highway 
Research Project laboratories and used 
by E. A. Whitehurst in his studies of 
setting time of concrete (17, 18). All 


TABLE I.—CONCRETE MIX PROPERTIES. 


Ce- 
ment | Water- | Air Unit 
Test Series and | Weight, 
Mix Designation by per | lb per 
per cu| Weight| cent} § | ft 
yd a 
Series A: 

SJ 6.21 | 0.432 | 5.1 23 146.0 
6.30 | 0.452 | 4.8 2 148.1 
45-1 Ae 6.20 | 0.444 | 6.0 3 147.7 

Series B: 

6.08 | 0.500 1.0 3 152.6 

RR 6.18 | 0.500 | 4.7 | 8 147.0 


velocity tests were made through the 
length of the specimens (16-in. path 
length). 

The resonant frequency test equip- 
ment included a Jackson Model 655 
oscillator connected to a 4in. radio 
speaker with an aluminum rod cemented 
into the voice coil for the driver unit. 
The pickup used was a Brush “Vibro- 
mike” Model VM-1, the output of which 
was amplified and displayed on a 5-in. 
cathode ray oscilloscope. 

Series A.—During the freezing-and- 
thawing tests on series A specimens, 
periodic measurements were made of 
velocity and transverse resonant fre- 
quency on each specimen. Modulus of 
elasticity values were calculated from 
the transverse frequencies, using the 
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equations given in ASTM C 215-52 T, 
Tentative Method of Test for Funda 
mental Transverse and Torsional Fre- 
quencies of Concrete Specimens. Pois- 
son’s ratio was assumed to have a value 
of 

Series B.—More complete dynamic 
tests were conducted on the specimens 
in series B, where longitudinal, trans- 
verse, and torsional resonant frequencies 
and velocities were measured. Modulus 
of elasticity, modulus of rigidity, and 
Poisson’s ratio values were determined 
for each test, using the equations given 
in the Appendix. The general procedure 
was as follows: 

1. The dynamic modulus of elasticity 
was calculated from the fundamental 
longitudinal frequency, neglecting the 
correction for Poisson’s ratio which is 
very small in value (Eq 2). 

2. The modulus of rigidity was calcu- 
lated from the fundamental torsional 
frequency (Eq 3). 

3. Poisson’s ratio was calculated using 
the values of modulus of elasticity and 
modulus of rigidity determined above 
(Eq 4). The value of Poisson’s ratio 
thus obtained was used to determine 
the correction factors used in the equa- 
tions in steps 4 and 5. (In a few cases, 
difficulty was encountered in determin- 
ing the resonant longitudinal frequency, 
probably because of limited power of 
the equipment. In these instances, Pois- 
son’s ratio was calculated from the 
transverse modulus of elasticity.) 

4. The modulus of elasticity based 
upon the fundamental transverse fre- 
quency (in the direction of the 4-in. 
dimension of the specimen) was calcu- 
lated (Eq 5). 

5. A dynamic modulus of elasticity 
value was calculated from the velocity 
measurement (Eq 8). 
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Discussion OF TEST RESULTS 
Series A: 


Since no attempt was made in this 
series of tests to determine the value of 
Poisson’s ratio, modulus of elasticity 
values were not calculated from the 
velocity measurements. Instead, the 
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Fic. 1.—Losses in Modulus of Elasticity and 
in Velocity Squared, Test Series A. 


results of the tests were compared. on 
the basis of the relative changes in 
dynamic modulus of elasticity (based on 
transverse frequency) and in velocity 
squared. As shown in Eq 8 of the Ap- 
pendix, the square of the velocity is 
directly proportional to the modulus of 


q 


elasticity. Therefore, changes in ve- 
locity squared, calculated as percentages 
of the original value, would be the same 
as the percentage changes in modulus of 
elasticity. This assumes that Poisson’s 
ratio, whatever its value may be, re- 
mains constant during the freezing-and- 
thawing cycles. 

The results of the tests on series A are 
shown in Fig. 1, where changes in the 
transverse modulus of elasticity are 
plotted against changes in the velocity 
squared. Each plotted point shows the 
average values obtained from tests on 
six specimens, three from each of two 
mixes, after varying numbers of cycles 
of freezing and thawing. 

The average line for the data shown in 
Fig. 1 does not indicate the equal changes 
in modulus of elasticity and in velocity 
squared that had been expected. Instead, 
the percentage change in modulus of 
elasticity is approximately twice as 
great as the change in velocity squared. 
The data, then, show that velocity 
measurements were only about one half 
as sensitive as transverse resonant fre- 
quency tests as a measure of the de- 
terioration of these concretes during 
freezing and thawing. 

Original velocity measurements on 
these specimens showed a range of 
values from 14,700 to 15,860 ft per sec. 
Velocities during the freezing-and-thaw- 
ing tests were never less than 12,000 
ft per sec, although decreases in dynamic 
modulus of elasticity ranged up to 50 
per cent. 

No reason was apparent for the lack 
of correlation of the values obtained in 
this test series. Among the possible 
explanations considered were: 

1. Poisson’s ratio may not remain 
constant as deterioration progresses. 
If Poisson’s ratio increased with de- 
terioration of the concrete, the effect 
would be to decrease the modulus of 
elasticity value calculated from the 
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velocity, thus making changes from the 
original value greater. 

2. The concrete may not be sufficiently 
homogeneous, especially along the “line 
path” over which velocity tests are 
conducted, for the equations relating 
modulus of elasticity to velocity to be 
applicable. In this case, correlation of 
the modulus of elasticity values from 
resonant frequency and velocity tests 
would be poor even in initial tests before 
any weathering cycles were started. 

3. The possibility exists that the 
resonant frequency values are dependent 
upon the “average” condition of the 
specimen, while the velocity is measured 
along a single line. The compressional 
waves used in the velocity test would 
tend to travel through the soundest 
material in the specimen, and the results 
would not reflect the “average” condi- 
tion of the concrete. 


Series B: 


The tests conducted in series B were 
designed to determine the changes, if — 
any, in Poisson’s ratio during freezing 
and thawing and to compare actual 
values of the modulus of elasticity 
calculated from the velocity with the 
values obtained from the resonant fre- 
quencies. 

Comparison of Moduli of Elasticity 


from Longitudinal and Transverse Fre- 


quencies.—Only the transverse frequen- 
cies are ordinarily obtained in routine | 
dynamic testing. Therefore, it was of 
interest to compare the modulus of | 
elasticity values so obtained with those 
calculated from the fundamental longi- — 
tudinal frequencies. These values for 
mix 1 are plotted in Fig. 2. Each plotted 
point represents one test on a single 
specimen. Excellent correlation is shown, 
the values lying on or very close to the 
line of equal values drawn on the 
graph. Values obtained for mix 2 showed 
a similarly close correlation. 
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Comparison of Moduli of Elasticity 
from Transverse Frequency and Velocity. 
—In Fig. 3 data from the same specimens 
in mix 1, showing the relationship of 
the moduli of elasticity calculated from 
transverse frequency and velocity, are 
plotted. As in Fig. 2, the curve shown is 
the theoretical line of equal values. It is 
readily apparent that the theoretical 
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values—that is, those measured before 
freezing-and-thawing tests were started. 
Actually, these original values calculated 
from velocity tend to be lower than 
those from transverse frequency. After 
freezing and thawing, the reverse is true. 
This shows the same trend previously 
noted in test series A; that is, the change 
in modulus of elasticity calculated from 
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Transverse Modulus of Elasticity, psi 
Fic, 2.—Transverse and Longitudinal Moduli of Elasticity, Test Series B, Mix 1. The test values 


are compared with the theoretical curve. 


relationship does not hold, even though 
Poisson’s ratio was determined for each 
test and was used in calculating the 
moduli of elasticity values. There is a 
definite general trend for the values com- 
puted from velocity measurements to be 
considerably higher than those computed 
from transverse frequency. It is signifi- 
cant, however, that a somewhat better 
correlation is shown for the original 


velocity undergoes less change as the 
concrete deteriorates than does the 
value obtained from resonant frequency. 

In mix 2, all values of modulus of 
elasticity were closely grouped, with 
little deterioration taking place. The 
initial values for the eleven specimens 
are shown in Table II. The values com- 
puted from velocity range from 8 per 
cent higher to 18 per cent lower than 


ws 


those from transverse frequency. 
Changes in these values were, .in gen- 


eral, small during freezing and thawing. 
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this study, and the results confirm their 
recommendation by indicating reason- 
able agreement with other dynamic 


7x10® 
° 
4 

5 rey 2 
= 
° 
8 ° 
W 4 > 
° 

° 
w 
2 
> 3 
3 ° 
= ° 
$ 2 
> 
@ Before Freezing & Thawing 
© After Freezing & Thawing 
| 
2 3 4 5 6 7x10 


Transverse Modulus of Elasticity, psi 
Fic. 3.—Transverse and Velocity Moduli of Elasticity, Test Series B, Mix 1. The test values 


are compared with the theoretical curve. 


The reasonably good correlation noted 
for the initial values seemed to hold for 
this concrete mix throughout the tests, 
probably because of the small changes 
that took place. 

As noted in the Appendix, Long, 
Kurtz, and Sandenaw (7) list three 
different equations for converting veloc- 
ity to dynamic modulus of elasticity, 
depending upon whether the tests are 
run on laboratory-specimens, pavements, 
or mass concrete. Leslie and Cheesman 
(5) recommend that the equation for 
mass concrete (Eq 8, Appendix) be used 
for all concrete, including laboratory 
specimens. This equation was used in 


TABLE II.—INITIAL OF 
VALUES, SERIES B, MIX 2 


Modulus of Elasticity, psi en 
Difference 
Velocity 
5.16 X 108 +8 
> 4.66 4.82 +3 
4.20 —13 
be 5.04 4.11 —18 
4.12 -9 
4. 4.22 -7 
» 4. 4.25 -7 
4.30 
4.77 5.16 +8 
4.93 4.98 +1 
No. 11. 4.99 4.97 0 
Average 4.74 4.57 —3.6 


moduli values for concrete that has not — 
undergone serious deterioration. Use of 
either of the other equations suggested 
by Long, Kurtz, and Sandenaw would 
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result in much higher values of the 
velocity modulus of elasticity. 

Changes in Dynamic Moduli Calcu- 
lated from Resonant Frequencies.—Some 
of the specimens in both mixes of series 
B were removed from freezing and thaw- 
ing and broken in flexure or subjected 
to other tests after only a few cycles 
had been run on them. As a result, only 
two specimens from each mix (speci- 
mens 1 and 2 in each case) completed 
the maximum number of cycles of freez- 
ing and thawing—36 cycles for mix 1 and 
50 cycles for mix 2. The results obtained 


FREEZING AND THAWING, SERIES B 


SPECIMENS 1 AND 2 MIX 1. 


| Dynamic Moduli and Velocity 
Squared, per cent of 
Original Value 
ycles of | 3 3 ig 
Thawing SS | 
| >| Bs 
|ss| so) 8 | | 
Eo cansoarae | 100 | 100 | 100 | 100 | 100 | 0.30 
| 88 90 96 | 102 0.27 
82 85 94 106 0.24 
76 75 80 82 | 0.24 
68 70 72 79 90 0.24 
| | 82 | 0.23 
44 42 45 56 | 63 0.25 
40 | 39 | 42! 48 | 55 0.23 
36 36 39 41 | 48 | 0.23 
21 20 24 33 | | 0.15 


on different specimens from the same 
mix agreed quite closely; therefore, the 
results shown in this section are those 
for the specimens that completed the 
greatest number of cycles of weathering. 

Tables IIT and IV show the changes in 
dynamic moduli, velocity squared, and 
Poisson’s ratio during freezing and 
thawing for mixes 1 and 2, respectively. 
Except for Poisson’s ratio, the values 
are shown as percentages of the original 
value at the end of the curing period. 

The data for both mixes show a very 
close correlation in the changes in the 
values of the dynamic moduli of elas- 
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ticity calculated from longitudinal and 
transverse frequencies and in the values 
of modulus of rigidity. These three test 
values, on the basis of percentage of 
original value, are practically identical 
throughout the tests. This indicates that 
measurements of longitudinal, trans- 
verse, and torsional frequencies are 
equally useful as a means of measuring 
the deterioration of concrete specimens 
subjected to freezing and thawing. For 
practical purposes, they are equally 
sensitive in detecting such deteriora- 
tion. Poisson’s ratio does not affect the 
TABLE _IV.—DYNAMIC_ TEST VALUES DURING 


FREEZING AND THAWING, SERIES B, 
_SPECIMENS 1 | 1 AND 2, MIX 2. 


Dynamic Moduli and Velocity. 
Squared, per cent of 
Original Value 
| 3 | | 
Number of | 3 3 | 2} i) : 
Cycles of | 3s Pols- 
Freezing and | 5 3 Ratio 
a4 |s2 
2 | | 
= 
|e 
100 | 100 | 100 | 100 | 100 | 0.29 
94 | #92 94 96 92 0.30 
92 | 92 93 98 95 0.29 
93 93 O4 97 0.28 
91 92 93 95 0.28 
91 91 91 95 97 0.27 
92 | 92 92 91 91 0.28 
93 | 92 92 92 90 0.29 
94 92 92 90 86 0.30 
95 | 93 | 92 6 | 0.30 
94 93 92 | 87 | 85 0.31 


modulus of rigidity; and the variations 
in Poisson’s ratio encountered in this 
study caused maximum changes of 1.5 
and 0.5 per cent in the modulus of 
elasticity calculated from transverse 
and longitudinal frequencies, respec- 
tively. Therefore, with any specimens 
whose weight changes are negligible 
during weathering, as was the case in 
these tests, the squares of the fre- 
quencies could be used as the measure 
of the deterioration, without serious 
loss in accuracy. Thus, all calculations 
of dynamic moduli would be eliminated. 
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Changes in Velocity Squared and Dy- 
namic Modulus of Elasticity Calculated 
from Velocity —The changes in velocity 
squared and in modulus of elasticity 
calculated from velocity, shown in 
Table III, do not correspond well with 
the changes in the other dynamic moduli. 
The tendency, although not so pro- 
nounced, is the same as that encountered 
in test series A. The losses in velocity 
squared are less than the losses in the 
moduli of elasticity calculated from 
resonant frequencies (a greater per- 
centage of the original value is retained). 

Mix 2 data, shown in Table IV, 
indicate a much closer correlation of 
changes in the velocity values with 
changes in the other dynamic moduli. 
Apparently the closeness of the correla- 
tion is affected by the amount of de- 
terioration that takes place. In the case 
of mix 2, there is little choice between 
velocity squared and modulus of elas- 
ticity calculated from velocity. Velocity 
squared does, however, tend to be a little 
closer to the other values after 15 cycles 
of freezing and thawing. 

The results obtained in these tests 
indicate no benefits from determining 
Poisson’s ratio and calculating values of 
modulus of elasticity from velocity 
measurements. Instead, the velocity 
values themselves appear to be a better 
measure of concrete deterioration than 
do the modulus of elasticity values cal- 
culated from velocity. These results 
confirm the opinion expressed by White- 
hurst (17, p. 1182) that velocity measure- 
ments should be used as such, without 
attempting to calculate the dynamic 
modulus of elasticity. 

Actual velocity values obtained for 
the specimens in test series B (other data 
shown in Tables III and IV) varied 
from 15,470 ft per sec initially to 9920 
ft per sec after weathering for mix 1; and 
from 14,200 to 13,350 ft per sec for mix 2. 
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Changes in Poisson’s ratio—The data 
in Table III show a definite trend in the 
values of Poisson’s ratio, which de- 
creased markedly as deterioration of the 
concrete took place. It should be noted 
that the change is in the opposite direc- 
tion from that required to improve the 
correlation of the dynamic moduli 
changes from resonant frequency and 
velocity measurements. The effect of 
the variation in Poisson’s ratio is to 
cause differences in the relative changes 
in velocity squared and in modulus of 
elasticity calculated from velocity. The 
changes in Poisson’s ratio cannot account 
for the discrepancies in results noted 
above in the series A tests. 

The changes in the calculated values 
of Poisson’s ratio are caused by the 
difference between the changes in longi- 
tudinal modulus of elasticity and in 
modulus of rigidity. Although the per- 
centage difference in the changes in these 
values is quite small, it is consistent. 
The change in modulus of rigidity 
is slightly less than the change in modulus 
of elasticity, resulting in an apparent 
decrease in Poisson’s ratio. Although the 
significance of this change is difficult 
to determine, it seems reasonable that 
actual measurements of Poisson’s ratio 
would be superior to the use of assumed 
values for calculation of modulus of 
elasticity from velocity determinations. 
Use of the measured values, however, 
causes greater discrepancies between 
changes in the velocity and resonant 
frequency moduli than does the assump- 
tion of a constant Poisson’s ratio during 
the weathering tests. 

The values of Poisson’s ratio for mix 2 
(Table IV) remained relatively constant 
during the freezing-and-thawing cycles. — 
It appears probable that this is due to 
the small amount of deterioration that 
took place in this concrete mix. Since no 
great changes took place in the other 
characteristics of the concrete, Poisson’s 
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ratio might be expected to undergo but 
little change. 


CONCLUSIONS 


On the basis of the test results re- 
ported and discussed above, the follow- 
ing conclusions are believed to be justi- 
fied: 


1. In general, no benefit is derived 
from calculating modulus of elasticity 
values from velocity measurements. 
When the concrete undergoes extensive 
deterioration, the changes in velocity 
squared form a more accurate indication 
of concrete deterioration than does such a 
modulus of elasticity. 

2. If the modulus of elasticity is 
calculated from velocity, the equation 
recommended by Leslie and Cheesman 
should be used (Eq 8, Appendix). Al- 
though inaccurate for the deteriorated 
concrete tested, this equation results in 
better correlation with resonant fre- 
quency moduli than do the other equa- 
tions that have been suggested for 
velocity modulus of elasticity. 

3. Velocity measurements are less 
sensitive to deterioration than are reso- 
nant frequency determinations. De- 
creases in resonant frequency moduli 
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may be twice as great as the decreases 
in velocity moduli as the concrete 
deteriorates. 

4, Measurements of longitudinal, 
transverse, or torsional resonant fre- 
quencies are equally useful and sensitive 
in tracing the deterioration of concrete 
specimens. 

5. Poisson’s ratio showed a definite 
decrease in the nondurable concrete, 
as the weathering cycles progressed. 
This change is responsible for the differ- 
ences noted between changes in velocity 
squared and in the modulus of elasticity 
calculated from the velocity. 

6. It appears probable that the lack of 
correlation between changes in resonant 
frequency and velocity moduli, when the 
concrete deteriorates, is due to failure 
of the velocity measurements to indicate 
the “average” condition of the specimen. 
The pulse path in the velocity measure- 
ments would probably be through the 
soundest concrete in the interior of the 
specimen, and the results would indicate 
only the condition of the best portion of 
the concrete. An “average” condition for 
the entire mass of concrete should be 
indicated by the resonant frequency 
tests in which the whole specimen is 
vibrated. 
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APPENDIX © 


EQUATIONS FOR CALCULATION OF DyNAmIc MopvuLtI AND Porsson’s RATIO 


Modulus of Elasticity from Longitudinal Reso- _ 4LR 
nant Frequency: with B = Ait 
Obert and Duvall (9) give the equation P son. + b/a ai 
lating longitudinal frequency to modulus d R= 
of dasticity as follows: — 2.52(e/o} + 0.21(e/6)* 
where: 
E= 7a (1) G = shear modulus or modulus of vigsthy, 
(1 _ W = weight of specimen, 
m = resonant torsional frequency, 
where: bz: L = length of specimen, 
g = gravitational acceleration 
== = ee elasticity, A = cross-sectional area of specimen, 
specimen, 4 = integer equal to mode of vibration 


p = density of specimen = weight div ided 


by gravitational acceleration, (1 for mode), 


a length of shorter side of rectangular 


n = longitudinal resonant frequency, specimen, and 
i = integer depending upon the tone of 4, _ length of the longer side of the cross- 
vibration (¢ = 1 for fundamental conten 
tone), 
ut = Poisson’s ratio, and Poisson’s Ratio: 
= i f i f ti 1 to 
The equation for Poisson’s ratio (10)5 is: 
The correction factor involving Poisson’s E 
ratio is quite small and may be neglected (4) 
without serious error. Eliminating this factor 
the equation becomes: 


= Poisson’s ratio, 7 
= modulus of elasticity, and 


for the fundamental longitudinal resonant = modulus of rigidity. 


frequency. The maximum variation in E 
that would have been introduced by the 
correction for Poisson’s ratio was less than 


Modulus of Elasticity from Transverse Reso- 
nant Frequency: 


0.5 per cent in this study. The equation used to calculate the modu- 
_—_ lus of elasticity from transverse resonant 
Modulus of Rigidity: frequency is as follows (10)5: 
The equation given by Pickett (10) and 


in ASTM Method C 2155 was used to cal- 


culate modulus of rigidity values: BT 
with C = 0.00245 
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( 1+ (0.26n + 
1 + 0.1328K/L 


where: 

E = modulus of elasticity, psi, 

W = weight of specimen, lb, 

n = fundamental transverse resonant fre- 
quency, cps, 

L_ = length of specimen, in., 

t, b = dimensions of prism cross-section, ¢ 
being in the direction of vibration, 
in., 

T’ = correction factor dependent on Pois- 
son’s ratio and the ratio K/L, 

T =ccorrection factor for Poisson’s ratio 
of 3 (from tabulated values given 
in references above), 

K = radius of gyration of the prism, and 

== Poisson’s ratio. 


Modulus of Elasticity from Velocity: 


Long, Kurtz, and Sandenaw (7) suggest 
the use of the following equations relating 
velocity of sound through concrete with the 
modulus of elasticity: 


For laboratory specimens: 
(6) 
‘For pavements: 


For mass concrete: 


(1+ w)(1 — 2p) 


E = ......... 8 
(1 — ») (8) 
where: 
E = modulus of elasticity, : 


V = compressional wave velocity, 
p = density of the concrete, and 
= Poisson’s ratio. 

Leslie and Cheesman (5) recommend the 
use of Eq 8 for all concrete. It was used for 
the calculations in this study. 

It should be noted that the three equa- 
tions would give greatly differing values 
for the modulus of elasticity with given 
velocity, density, and Poisson’s ratio values. 
For example, if Poisson’s ratio were 0.30, 
E values equal to V%p, 0.91 V%p, and 0.743 
V’p would be obtained by use of Eqs 6, 7, 
and 8, respectively, 
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PISCUSSION 


Mr. E. A. WaItEHuRST.'—The authors 
are to be commended for undertaking a 
study which has long been needed. It is to 
be hoped that future studies of this nature 
will clearly determine the true meaning 
of the various dynamic testing techniques 
which may now be applied in concrete 
testing. The need for such determination 
has become increasingly evident during 
the past few years. 

The conclusion of the authors that the 
measurement of longitudinal, transverse, 
or torsional resonant frequencies are 
equally useful and sensitive in studying 
the deterioration of concrete specimens 
is a valuable one, in that certain sizes 
and shapes of specimens lend themselves 
better to one of these techniques than to 
others. The authors’ finding concerning 
variations in Poisson’s ratio during pro- 
gressive weathering cycles is also valu- 
able. This finding, which apparently has 
not been previously reported, may shed 
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light on many of the previously unex- 
plainable phenomena observed in con- 
crete testing. 

The writer is in complete agreement 
that, in general, no benefit is derived 
from calculating the modulus of elast- 
ticity from the values of velocity meas- 
ured through the concrete. It is also 
agreed that the equation recommended 
by Leslie and Cheesman, that is, that 
developed for the relationship between 
dynamic modulus and pulse velocity 
through mass concrete, should be used 
if such calculation is to be undertaken. 

The writer wishes to differ slightly 
with the authors in their conception of 
the resonant frequency technique as in- 
dicating the “average condition” of the 
specimen and the pulse velocity tech- 
nique as indicating some other value. 
Those who have made use of velocity 
techniques during the past few years 
have been prone to state that this tech- 
nique resulted in measurement of the — 
average quality of concrete along a line 
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through the tested material. This is very 
probably true in the case of tests on 
structures where relatively long path 
lengths are involved. It would seem 
probable, however, that in the case of 
small laboratory specimens neither the 
velocity technique nor the resonant fre- 
quency technique measures the true 
average character of the concrete. The 
pulse undoubtedly follows a path near 
the center of the specimen where deteri- 
oration has been least and velocity is 
highest. It might be supposed, therefore, 
that the velocity technique measures the 
“best average” condition of the speci- 
men. Although there is little evidence to 
indicate exactly to what degree the 
resonant frequency of the specimen is 
influenced by spalling and cracking, the 
fact that at advanced stages of deteriora- 
tion peculiar multiple peak resonance 
curves are frequently found and that in 
some cases the specimen cannot be 
driven in its fundamental mode at all 
would indicate that cracking and spalling 
do have some influence upon the reso- 
nant frequency. It might then be supposed 
that the resonant frequency technique 
measures the “worst average” condition 
of the specimen. It may be argued, then, 
that neither technique results in a true 
measure of the quality of the concrete 
and that this true condition lies some- 
where between the two. 

The writer submits that, if the above 
argument may be admitted, it becomes 
important to consider not only the results 
of these tests upon laboratory specimens 
but the proposed use to which the con- 
crete is to be put. If the concrete is to be 
used in thin slabs where flexural strength 
is highly important, it is suggested that 
the resonant frequency technique results 
should be heavily considered. Although 
these results indicate the worst condi- 
tions of the laboratory specimens, it is 
probable that this condition may pre- 
dominate in the slabs. If, on the other 
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hand, the concrete is to be used in more 
massive members, it seems highly pos- 
sible to the writer that the results of 
resonant frequency tests may be overly 
critical and may imply a low degree of 
durability which will not exist in the field. 

Dynamic testing techniques, particu- 
larly those involving the measurement of 
resonant frequency, have proved ex- 
tremely useful in the laboratory for a 
number of years. Because of the facility 
with which such tests mav be made, they 
have been widely accepted. It is only 
during the past few years that much 
attention has been paid to dynamic 
testing techniques involving the measure- 
ment of pulse velocities through con- 
crete. Since these may be made with 
equal facility on field structures, there is 
certain to be a strong demand for con- 
tinued development of such techniques 
and apparatus. As it has been clearly 
shown that the two approaches do not 
always yield the same results, further 
studies are indicated to show just what 
the relationship between the two tests is 
and what relationship they bear to other 
properties of the concrete. The writer 
urges, however, that in making such 
evaluations and comparisons the results 
of resonant frequency tests not be con- 
sidered as necessarily correct and the 
results of tests of other nature considered 
incorrect insofar as any difference be- 
tween the two occurs. It should always 
be remembered that we do not really 
know very much about the true meaning 
of either of these tests and that the likeli- 
hood of error in evaluating the results is 
about equally great for both. 

It is to be hoped that further studies 
of the nature reported in this paper will 
be undertaken in the near future and 
that these will contribute to an early 
and clear understanding of the meaning 
of and limitations of various dynamic 
testing techniques which have been 
developed during the past few years. 
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Mr. Bryant MatTHER.2—The authors, 
and other workers in the field of pulse 
velocity testing, characteristically state 
the presumed mathematical relation be- 
tween velocity and modulus of elasticity; 
then they characteristically advise one 
not to engage in those mathematics. The 
question I would like to raise is this: Is 
there really any greater validity in deal- 
ing with values of modulus of elasticity 
calculated from resonant frequency, or 
perhaps is it merely that the resonant fre- 
quency methods came first and we got in 
the habit of calculating modulus of elas- 
ticity from them? In the authors’ figures 
dealing with resonant frequency data all 
values were expressed either in actual 
or relative modulus of elasticity. This is 
customary. Perhaps it would be better 
to deal in values of resonant frequency 
squared even as it is suggested that we 
should deal in values of velocity squared. 

Mr. STANTON WALKER.*’—One reason 
for computing the modulus of elasticity 
instead of only using the square of the 
frequencies is to permit comparisons of 
results secured from specimens differing 
in dimensions. It is gratifying to know 
that, for routine work in the laboratory 
using standard sizes of specimens, the 
simple measurement of fundamental fre- 
quency appears to give results as satis- 
factory as more complex dyna nic meth- 
ods. 

Messrs. J. R. LeEstre* anp W. E. 
PaRKER.‘—The authors’ paper has been 
read with great interest, particularly be- 
cause some of their results appear to be 
partly at variance with the results of 
similar tests carried out in the Research 
Division of the Hydro Electric Power 
Commission of Ontario. 

It should be agreed by all concerned 


2 Engineer, Concrete Research Division, Waterways 
Experiment Station, Corps of Engineers, Jackson, Miss. 

8 Director of Basinoesing, National Sand and Gravel 
Assn., and National Ready Mixed Concrete Assn., Wash- 
ington, D. C. 

4 Research Engineers, Hydro Electric Power Commis- 
sion of Ontario, Toronto, Canada. 
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in the problem of dynamic testing that 
numerical values obtained in one method 
of test need not agree closely with those 
obtained in a different way. Both meth- 
ods may of course provide useful infor- 
mation. This is the case when comparing 
sonic and pulse tests because, as the 
authors point out, the sonic modulus is — 
the average modulus of the specimen. 
It takes into account deterioration and 
cracking at the surface as well as in the | 
center of the cylinder. The pulse method — 
involves the concrete in the most direct | 
line joining the transducers. To illustrate 
the differences, a small saw cut may be > 
started part way through the test speci- 
men without affecting the pulse velocity; 
however, a change of 20 per cent or more 
in sonic modulus results. 

Similar reasoning could explain ob- 
served differences in sonic and pulse 
results, where, despite visible deteriora- 
tion, concrete of good quality remains in 
the interior. Differences in the two meth- 
ods may be, in themselves, used to study 
the characteristics of the internal ma- 
terial. 

Pulse velocity tests frequently yield 
different results when deteriorated con- 
crete specimens are tested along differ- 
ent axes. The difference observed serves 
in a general way to indicate the orienta- 
tion of internal lamellar cracking. 

Pulse tests may be carried out, in 
some instances, on specimens in an ad- 
vanced stage of deterioration, when 
resonant methods fail. 

The change of Poisson’s ratio with 
deterioration is an interesting effect not 
noted in the literature to date. The dis- 
agreements noted heretofore in the pub- 
lished values for Poisson’s ratio may now 
be explained. 

Messrs. G. M. BATCHELDER AND D. 
W. Lewis (authors’ closure).—The dis- 
cussions by Mr. Whitehurst and Messrs. 
Leslie and Parker emphasize that both 
resonant frequency and velocity tech- — 
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niques can provide valuable information 
even though the numerical results may 
differ. The choice of technique to be used 
should depend upon the purpose of the 
tests and the test conditions. 

The tests described in the paper were 
conducted to determine the relative dur- 
ability of concretes for pavements, where 
flexural strength changes caused by 
freezing and thawing are important. For 
this purpose the resonant frequency tech- 
niques are believed to be the best, and 
the changes in modulus of elasticity can 
be correlated with the changes in flexural 
strength. For other purposes, pulse ve- 
locity tests will yield information that 
cannot be obtained by resonant fre- 
quency methods. These include field tests 
of actual structures, laboratory tests on 
specimens unsuitable for resonant fre- 
quency tests because of their size, shape, 
or severe state of deterioration, and tests 
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to determine differences in quality in 
various parts of a structure or specimen. 
With regard to Mr. Mather’s question, 
it would appear more valid to calculate 
modulus of elasticity from frequency 
than from velocity, since incorrect values 
of Poisson’s ratio have a much smaller 
effect upon the results obtained from 
resonant frequencies. For the comparison 
of test results on different sizes of speci- 
mens mentioned by Mr. Walker or the 
comparison of the results of longitudinal 
and flexural frequency tests shown in the 
paper, modulus of elasticity calculations 
are necessary. It is true, however, that 
resonant frequencies can usually be em- 
ployed in the same manner as velocities. 
Where weight changes of the specimens 
are negligible during test and changes 
are to be stated in relative or percentage 
values, use of the frequency squared will 
give the same results as will use of the 
modulus of elasticity values. 7 
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EVALUATION OF CURING COMPOUNDS FOR PORTLAND CEMENT 


By C. E. Prouptey! 


CONCRETE* 


SYNOPSIS 


Desirable characteristics of curing compounds for use on highways and 
structures are enumerated and laboratory tests simulating field conditions 
for the purpose of evaluating liquid, membrane-forming compounds are de- 


scribed. Factors affecting the correlation between laboratory tests and service 


performance are discussed as are the difficulties encountered in securing uni- 
formity among testing laboratories under the present methods. Influence of 
job operations and climatic conditions upon the performance of curing com- 
pounds is touched upon briefly. Some opinions are expressed regarding the 
need for practical studies of relative merits of different methods of curing 


concrete. 


Methods used for curing portland- 
cement concrete are intended to develop 
the desirable characteristics of the con- 
crete within a specified time limit. A 
committee of the Highway Research 
Board defines curing as“... the process 
of maintaining a satisfactory moisture 
content and a favorable temperature in 
concrete during the period immediately 
following placement so that hydration of 
the cement may continue until the de- 
sired properties are developed to a suffi- 
cient degree to meet the requirements of 
service” (1).2 Sometimes the conditions 
provided artificially by the curing 
method prevail naturally and the appli- 
cation of curing is superfluous; however, 
in order that the conditions for curing 
may be reasonably uniform throughout 


* Presented at the oe: sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Chief Materials North Carolina State 
Highway and Public Works Commission, Raleigh, 

2 The boldface numbers in parentheses refer to 0 the ‘list 
of references appended to this paper, see p. 


construction, the application of some 
kind of curing is invariably specified. 
For the past ten years or more curing 
compounds that are sprayed on the fresh 
concrete have been favored by many con- 
struction agencies and particularly by 
the contractors who are saved rehandling 
of cover materials and the hauling or 
piping of water. Economies effected by a 
curing method constitute part of the 
economy of concrete construction. A 
curing compound retards the escape of 
mixing water by forming a membrane 
seal, and after it is applied, no further — 
attention is required. In order to provide — 
satisfactory curing, the membrane must 
berelatively impermeable for a reasonable — 
curing period, must not affect the quality 
of the concrete adversely, and should | 


minimize internal temperature fluctua- _ 


tions caused by atmospheric tempera- 
tures and radiant heat or, at least, should — 
not exaggerate temperature variations. 
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This paper will consider nonbitu- 
minous liquid compounds only, although 
asphaltic emulsions and some types of 
cutbacks have been used successfully, 
especially when covered with a coating 
of whitewash to reduce heat absorption. 
In passing it should be mentioned that 
the bituminous material is not readily 
removed when its function as a curing 
agent is finished. In some cases, however, 
this is not objectionable as, for example, 
when the concrete is a tunnel lining or a 
base for bituminous pavement. 


DESIRABLE CHARACTERISTICS 


The features desirable in curing com- 
pounds are that they be: 

1. Impermeable. 

2. Noninjurious to concrete. 

3. Reflective to radiant heat. 

4. Sprayable. 

5. Easily removed from concrete after 
curing period. 

6. Quick-drying. 

7. Safe both as to flammability and 
toxicity. 

Impermeability—Although imperme- 
ability is the characteristic most empha- 
sized, others are essential if efficient 
curing is to be obtained. For example, 
it is desirable to apply the compound to 
the concrete at the proper time after 
finishing operations as recommended by 
Swayze (2) if the most wear-resistant 
surface is to be secured. If applied too 
early and the concrete bleeds, the film 
will not adhere and may be broken by 
movement of the water under the film. 
If applied too late, there may be less 
than the optimum quantity of water 
present for hydration and, also, the film 
may not be so impervious to the passage 
of water due to its having a rougher and 
more absorbent surface to cover and 
seal. Between these two extremes the 
performance of the compounds currently 
marketed will vary in efficiency. Some 
formulations are superior when applied 
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to a wet surface while others are preferred 
if the concrete is to be coated after be- 
coming relatively dry. 

Noninjury to Concrete.—Some resins 
and waxes or other ingredients of liquid 
curing compounds act on portland-ce- 
ment mixtures to retard or completely 
inhibit hydration. Occasionally a curing 
compound will be encountered which 
contains such substances. The effects will 
extend into the concrete a relatively 


Slight distance, but rapid and usually 


irregular wear of the surface will result. 
Because such deleterious effects are defi- 
nitely objectionable, reference is made to 
the possible reaction of the compound 
with the concrete in practically all speci- 
fications. Some kind of hardness test 
must be described in the specifications 
since there is no standard to which one 
can refer. 

Heat Reflectance-—Protection from 
temperature changes has been proved 
important in minimizing undesirable 
cracking of concrete pavements. Blankets 
of earth, fabric, paper, etc. give protec- 
tion against extremes of heat and cold 
whereas compounds of the so-called clear 
type may even exaggerate temperature 
variations. For this reason compounds 
have been developed which contain pig- 
ments for the purpose of reflecting heat 
radiated from the sun. Pigmented com- 
pounds are either white or gray. 

Sprayable.—Sprayability at tempera- 
tures of construction is an obvious neces- 
sity. This means that th: compound 
should remain quite fluid while being 
applied. Most specifications contain a 
clause pertaining to application of com- 
pounds on vertical surfaces. The com- 
pounds must not run or sag and, in this 
respect, as in most others, they are simi- 
lar to paints and varnishes. 

Removability After Curing.—Criticism 
has been made, especially of the pig- 
mented compounds, that they cause the 
surface of pavement to be slippery, a 
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serious objection in the case of highways. 
This slipperiness may be the result of 
applying more than the specified amount 
of compound. If the compound deteri- 
orates at the proper rate, it can be re- 
moved by brooming or scouring, thereby 
eliminating this hazard to traffic. 

Complaints have been voiced that 
curing compounds prevent the adhesion 
of joint fillers and traffic paint to the 
concrete surface. This is true if filler 
material and paint are applied before 
the compound has deteriorated as it is 
supposed to do. The disintegration of the 
film will take from several weeks to 
about a year if exposed to the elements 
and longer if the surface is protected 
from the weather. It is advisable, there- 
fore, to remove the curing membrane 
from surfaces to be given any subsequent 
treatment. Since this may be necessary, 
the membrane should be readily remov- 
able by brushing with a stiff brush or 
broom after the specified curing period 
is completed. A statement of the time 
for disintegration of the curing film is a 
proper part of specifications for curing 
compounds. 

Quick-Drying Properties—The com- 
pound should be quick-drying or, rather, 
should dry to touch in about the same 
time that is required for the concrete to 
attain its set. The film should be flexible 
so long as the concrete may change in 
volume or shape due to setting, but 
thereafter it should attain sufficient 
durability to resist rain, damage by 
foreign matter blowing on it, or other 
accidents which might puncture it. 

Flammability and Toxicity.—Most of 
the compounds in use today contain 60 
per cent or more of a flammable volatile 
solvent. It might be thought that such a 
material would be a fire hazard, but no 
instance of a flash fire resulting from its 
use has been reported. Millions of gallons 
of asphaltic road materials containing 
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high percentages of similar solvents are 
used each year with only rare accidents 
resulting from explosions or fire. In view 
of such experience the specification that 
the flash point of a curing compound 
shall be not less than 80 F, or a somewhat 
higher figure if tested by the open-cup 
method, seems relatively unimportant. 
Similarly, the commonly used solvents 
are injurious to health only if carelessly 
inhaled in concentrated doses or for long- 
continued periods. Mention in specifica- 
tions of flammability and toxicity is a 
proper precautionary measure, but they 
are characteristics that will seldom be 
used as a cause for rejection unless the 
compound is to be used in a poorly 
ventilated space. 


LABORATORY TESTS 


The development of standardized tests 
for evaluating efficiency of methods of 
curing concrete has been slow. Most 
attention has been given to the water re- 
tention or properties of impermeability 
of compounds, since it is obvious that 
any curing method or material must 
assure the presence of water for hydra- 
tion of the cement. ASTM Method C 156° 
has been. published as tentative since 
1940 with a number of major revisions 
and many minor ones. Attempts have 
been made to devise a simpler method 
but without success. The factor which 
introduces the greatest complication to 
the method is the use of portland-cement 
mortar for a test specimen to which the 
curing compound under test is applied. 
No standard portland cement has been 
made available to combine with distilled 
water and standard Ottawa sand to yield 
a standard mortar for the test specimen; 
therefore, the necessary conditions for a 
satisfactorily reproducible and reliable 
test of the curing material are not estab- 


3 Tentative Method of Test for Water Retention Effi- 
ciency of Liquid Membrane-Forming Compounds and 
Impermeable Sheet Materials for Curing Concrete (C 156 - 
52 T), 1952 Book of ASTM Standards, Part 3, p. 1126. 
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lished. It is known that characteristics 
of the portland cement and also of the 
aggregate in mortar or concrete affect 
the behavior of the curing compounds, 
and for this reason it is essential that the 
test include the application of the com- 
pound to a portland-cement mixture to 
correlate laboratory determinations with 
actual practice. 

Other methods for measuring the water 
retention of films formed by curing com- 
pounds have been used which are varia- 
tions of the ASTM Method C 156. One of 
the more radical variations combines 
determination of water loss with absorp- 
tion of radiant heat (3). Instead of plac- 
ing the test specimens in a cabinet at 
100 F and 32 + 2 per cent relative hu- 
midity for 72 hr, as is prescribed in 
Method C 156, the specimens are placed 
under flood lamps so adjusted that the 
temperature at the surface of an un- 
treated, dry specimen is 120 F. The sur- 
rounding air temperature and humidity 
are those of the laboratory, and a mod- 
erately strong draft from a fan keeps the 
air moving. The duration of exposure is 
5 hr. 

A number of methods of detecting the 
possible adverse effects that curing com- 
pounds may have on portland-cement 
concrete have been devised and used. 
Sand blast, shot blast, and other abrasion 
test methods are indicative within limits 
but these require relatively elaborate 
apparatus; in addition, the results must 
be interpreted by an experienced con- 
crete technician. Almost as satisfactory 
is the comparison of the treated and un- 
treated concrete by scratching with a 
hard metal tool such as a knife or screw- 
driver. Allowance must be made for the 
condition of the untreated specimen— 
that is, the specimen that has been cured 
with water instead of the compound— 
since it will be found that at early ages 
the water-cured specimen may seem to 
be harder even though the compound 


has not been. injurious to the concrete. 
Such a method of test depends entirely 
upon the operator’s judgment which is 
always subject to question. Nevertheless, 
it serves as a preliminary or “screening” 
observation and, in case of doubt, further 
study by other operators or by use of 
more elaborate test procedure would be 
conducted to. verify the operator’s opin- 
ion. 

The comparatively recent develop- 
ment in curing compounds of the use of 
opaque pigments to give reflectance to 
infrared rays and thereby reduce tem- 
perature and volume change has neces- 
sitated tests of heat reflectance of the 
surface so cured. Specifications for pig- 
mented curing compounds include a re- 
quirement for apparent daylight reflec- 
tance which may be determined by 
means of ASTM Standard Method of 
Test for Daylight 45-deg, 0-deg Lu- 
minous Directional Reflectance of Paint 
Finishes.* This compares the reflectance 
of the surface coated with the pigmented 
compound with a surface coated with 
magnesium oxide smoke. Only a mini- 
mum reflectance is specified, usually 
around 50 per cent. 

No test for spraying characteristics 
has been developed beyond a description 
of the character of the film produced. 
Whether it will be sprayable at 35 F or 
at some other temperature can be deter- 
mined readily by refrigerating a spray 
gun containing the compound and ob- 
serving its behavior when operated at a 
temperature of application which will 
prevail in the field. Specifications require 
that the film be continuous and free from 
pinholes and such imperfections as might 
occur if the sprayability of the liquid 
compound was unsatisfactory. In addi- 
tion, it must not run or sag when applied 
at the specified rate. No standards have 


4 Standard Method of Test for Daylight 45-deg, 0-deg 
Luminous Directional Reflectance of Paint Finishes 
(D 771 - 47), 1952 Book of ASTM Standards, Part 4, p. 550. 
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been suggested, but there should be little 
difference of opinion among the observers 
who accept or reject on the basis of 
sprayability. 

Drying time for curing compounds is 
determined in the same manner as for 
paint, varnish, and lacquer except that 
the curing compound is applied to a 
mortar or concrete specimen. The dry-to- 
touch time is most often specified, and 
requirements vary from 30 min to 4 hr. 
Sometimes it is required that the film 
dry hard within some period between 4 
and 12 hr. 

When the test for water retention effi- 
ciency was first developed, the size and 
shape of the specimens were chosen to 
permit making beam tests for strength. 
Tests reported by Jackson and Keller- 
mann (4) on various methods of curing 
included strength tests, but these were 
intended to be a measure of the relative 
effectiveness of the methods rather than 
an indication of injurious effects although 
it could be a combination of the two. 
Beam strength tests are seldom, if ever, 
specified as an acceptance requirement 
for curing compounds. 

The ease with which the film can be 
removed could be a subject for much 
controversy since it involves the amount 
of work which must be done to effect its 
removal and, also, what constitutes re- 
moval. Here again there is no standard- 
ized test and it is assumed that each 
purchaser will determine by trial under 
simulated field conditions whether or 
not the membrane can be removed to his 
satisfaction with a reasonable amount of 
effort after some certain period of time. 

Most colorless or pigmented com- 
pounds use a solvent which is flammable 
and, although the record of explosion or 
fire leads us to believe that the danger is 
practically nil when handled with or- 
dinary care, some specifications include 
a flash point requirement. The Interstate 
Commerce Commission imposes certain 
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restrictions (5) on packaging and shipping 
materials which have a flash point of 
less than 80F by the Tag Open-Cup 
Tester, and this is approximately the 
value used when specified. 

There is some toxicity associated with 
practically all volatiles that might be 
included in the formulation of a con- 
crete curing compound; however, only 
those which are dangerously toxic are 
ruled out, such as carbon tetrachloride, 
benzol, toluene, and methy! alcohol. It 
may be assumed that the presence in the 
compound of any substance regarded by 
physiologists as toxic to human beings 
is ample justification for rejecting it. 


SIMULATING FIELD CONDITIONS IN THE 
LABORATORY 


Field conditions under which concrete 
is to be cured vary between wide limits 
depending primarily on climatic condi- 
tions. Add to this the possible variations 
in construction procedure and it is ap- 
parent that no one set of laboratory con- 
ditions may be used to give a compre- 
hensive evaluation of a curing material 
or method. As is usual, some compromise 
is desirable for the sake of economy of 
time and effort. A condition of average 
severity would seem reasonable, and 
there has been little argument against 
100 F and a relative humidity of 30 to 
34 per cent as the average field conditions 
to be simulated in laboratory tests for 
moisture retention. 

Temperatures at which use of curing 
compounds may be permitted range from 
the lowest at which concreting operations 
are allowed up to the hottest summer day 
in a southern state This atmospheric 
temperature range is from about 35 F, 
below which insulation or artificial heat 
would almost certainly be applied, up to 
about 110 F which would not exist for 
more than an hour or two during the day. 
The internal temperature of the concrete 
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will generally be 5 to 15 F higher at both 
the cold and hot extremes. 

The humidity varies throughout the 
day as the atmospheric temperature 
changes. The need for protecting the 
concrete from loss of moisture is less as 
the relative humidity increases. When 
the temperature of the concrete is higher 
than the dew point of the surrounding 
atmosphere, there is a “boiling” effect; 
this is particularly noticeable when there 
is radiant heat from the sun Under ex- 
treme conditions blisters may be formed 
in the freshly applied curing compound 
unless the manufacturer has used a 
formulation to avoid them. Blisters are 
an obvious point of weakness in the cur- 
ing membrane and for this reason a 
radiant-heat test is desirable as previ- 
ously mentioned (3). 

Construction procedures complicate 
the effort to simulate field conditions. 
Not only do the differences among ce- 
ments and aggregates have an effect upon 
the behavior of the compounds but the 
methods used by the constructor will 
play an important part. Chief of these is 
the time at which the compound is ap- 
plied to the finished structure. A trow- 
eled finish will give a different effect from 
that of a drag or broom finish just as an 
aggregate with a high percentage of fines 
below the No. 50 and No. 100 sieve sizes 
will result in a smoother surface. The 
richness of the mixture or its wetness will 
affect the surface texture and, conse- 
quently, the results obtained by the 
membrane method of curing. In general, 
the smoother or less absorbent the sur- 
face to which the compound is applied 
the more effective the curing will be. 


VARIATIONS AMONG LABORATORIES 


Although it is important that the re- 
sults of laboratory tests be indicative of 
the service behavior of the material, it is 
equally important that the test methods 
be reproducible in different laboratories 


within a reasonable range of test error. 
It would be uneconomical to require that 
the manufacturer of curing compounds 
use different formulas to meet the require- 
ments of each of the agencies purchasing 
it if it is to be used for the same purpose. 
This will be the case unless coordination 
and standardization of all details of the 
test methods are accomplished. It has 
been the aim in writing the method of 
test for water retention efficiency (C 156) 
to avoid uncontrollable variables. To 
this end type I portland cement (some 
agencies specify type II) and graded 
Ottawa sand are required and the con- 
sistency of the mortar and water-cement 
ratio established as definitely as available 
laboratory apparatus will permit. Tem- 
perature and humidity of the laboratory 
used for making and testing specimens 
for the curing compounds are stated as 
are the temperature and relative hu- 
midity of the storage cabinet in which 
the specimens are placed during test. 
The exact moment at which the curing 
compound is to be applied to the surface 
of the mortar specimen is described as 
accurately as possible since this is of 
utmost importance in securing repeat- 
ability as well as reproducibility in and 
among laboratories. 

During the past year Subcommittee 
III-g on Methods of Testing and Specifi- 
cations for Materials Used in Curing 
Concrete of ASTM Committee C-9 on 
Concrete and Concrete Aggregates has 
conducted a series of cooperative tests 
among 15 laboratories using one com- 
mercial curing compound and a portland 
cement distributed with the compound. 
Each laboratory repeated the test using 
its own local brand of cement. Results of 
these tests have not been released by the 
subcommittee for publication since the 
tabulation has only recently been com- 
pleted. Analysis of the data is still in 
progress but it can be stated that there 
were as many instances in which the dis- 
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tributed-cement mortar test specimens 
had the greater water loss through the 
membrane as there were local-cement 
specimens which had the greater loss. 
There was only one laboratory which 
found no difference. It is of interest that 
the range in results and the standard 
deviation for the distributed cement were 
greater than for the local cement. This 
would hardly be expected. It was antici- 
pated, however, that the coefficient of 
variation would be high for the series 
and this was disappointingly true. For the 
distributed-cement test series, the aver- 
age loss of water in grams per square inch 
was 0.1772 and the standard deviation 
was 0.1590 giving a coefficient of varia- 
tion of 80.9. For the local-cement series 
the average loss was 0.1436 g per sq in. 
and the standard deviation 0.09167, 
making the coefficient of variation 63.7. 
It is obvious that the test for water re- 
tention efficiency is in need of improve- 
ment to assure better reproducibility. 


StuDIES OF RELATIVE MERITS OF 
SEVERAL METHODS OF CURING 


A positive means of evaluating the 
effectiveness of methods of curing has 
been the object of a considerable num- 
ber of investigations and experimental 
projects both in the laboratory and the 
field (6, 7, 8). Many conflicting data have 
been recorded and with few exceptions 
satisfactory results have been reported 
with each method. The principal diffi- 
culties in coordinating laboratory and 
field results are the inability to control 
weather and construction conditions 
during the early stages of the field tests 
and in recording and interpreting the 
influences of climate and other deteri- 
orating effects on the test sections during 
the intervals between condition surveys. 
Very little comprehensive research has 
been undertaken because of these diffi- 
culties and the expense of.such studies. It 
should be mentioned, also, that when field 
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studies of methods of curing are con- 
ducted the methods under comparison 
are each applied with the utmost care in 
order that no unfair advantage will be 
given. The average concrete job does not 
enjoy the same meticulous attention to 
curing and, to make a proper comparison 
of methods of curing, the average job 
performance should be the basis. 
There are two general methods of 
curing: (1) one that keeps the concrete 
wet by the application of water and (2) 
one that keeps it damp by attempting to 
prevent the loss of the concrete mixing 
water. In the first category wet earth, 
wet burlap, wet cotton mats, and other 
media which must be sprinkled more or 
less frequently are employed. The second 
group uses paper blankets and the curing 
compounds. Each method is abused to 
varying degrees on the average jobs 
previously referred to—the first by fail- 
ure to sprinkle often enough to keep 


water available for hydration of the © 


cement and the second by not maintain- 
ing an impervious seal (rips and holes in 
paper blankets, missed spots with mem- 
brane curing, or early abrasion and 
scuffing of the membrane due to work- 
men and the public being unaware of 
the nature of the curing process). The 
methods in group 1 have the inherent 
advantage that they reduce the tempera- 
ture changes in the concrete by both 
insulation and evaporation. Some paper 
blankets have sufficient reflectance to 
reduce temperatures in the concrete in 
hot weather and to provide some protec- 
tion against freezing in moderately cold 
weather, The clear curing compounds 
offer no protection against temperature, 
and if a dye has been added to increase 
visibility. the effect may be to increase 
heat absorption. This accounts for the 
increased use of pigmented curing com- 
pounds. 

A recent survey of curing practices 
throughout the United States, conducted 
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by the committee of the Highway Re- 
search Board on Curing Concrete Pave- 
ments, showed no decided preference for 
any one type of curing among the 53 
agencies canvassed. 

The first five methods in the list of 21 
reported by the survey are shown here in 
tabular form with first, second, and third 
choice by the states or agencies express- 
ing their preference: 


Ist 2nd 3rd 
Method Choice Choice Choice 
Coes. F 6 3 
Burlap followed by wet 
Waterproof paper...... 
Membrane............ 4 6 3 
White pigmented mem- 
2 1 2 


The survey showed further that the 
membrane-forming compounds as a class 
exceeded all other methods in extent of 
use by a wide margin. Considering mem- 
brane types of curing only, of 42 agencies 
permitting its use 15 used only the clear 
type, 14 permitted only the pigmented, 
and 13 allowed either. It is doubtful that 
these preferences are based on more than 
personal opinion and meager observa- 
tions in the majority of cases. Experience 
with pigmented compounds has been 
reported by Rhodes (9) and Peyton (10), 
the former reporting favorably and the 


latter unfavorably. 


Summarizing the efforts that have 
been made to evaluate curing com- 
pounds, it appears that most confidence 
is placed in the reasoning of the concrete 
technician and that this reasoning is 
supported by laboratory tests and field 
observations. There is need for much 
new and coordinated study of curing 
methods in the laboratory and field. 


SUMMARY 


In the laboratory, standard methods 
for determining moisture loss through 
membranes, especially those formed by 
the curing compounds, are still to be 
developed even though the Tentative 
Method of Test for Water Retention 
Efficiency of Liquid Membrane-Forming 
Compounds and Impermeable Sheet Ma- 
terials for Curing Concrete (C 156 — 52 
T) is serving the purpose fairly well for 
many state and construction agencies. 

Reflectance of the membranes and 
sheet materials can be measured by 
using the Standard Method of Test for 
Daylight 45-deg, 0-deg Luminous Di- 
rectional Reflectance of Paint Finishes 
(D 771-47) or some simpler modifica- 
tions (11). This test is coming to be used 
more extensively in order to minimize 
internal temperature variations. 

No adequate method for detecting the 
deleterious effect which a liquid com- 
pound may have on the concrete has 
been generally adopted and there is a 
need for this. 

Other properties of the compounds 
have no direct effect upon the efficiency 
of the curing although they are quite 
important to the user’s economy, con- 
venience, and comfort. Such properties 
include ease of removal, flammability, 
and toxicity. 

In the field more extensive efforts 
should be made to secure data which 
will indicate the effect that the methods 
of curing have on structures and pave- 
ments—not by special projects involving 
elaborate organization and test procedure 
and including many varieties of curing 
methods, but by the use of two or three 
curing methods on many jobs followed 
by periodic observations and the averag- 
ing of the observations, thus minimizing 
the influence of construction and cli- 
matic conditions. 
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DISCUSSION 


Cuarrman A. T. was 
very much interested in one phase of this 
subject. We have had occasion in the past 
to coat a piece of plate glass with cut- 
back asphalt. If that piece of glass is held 
up to the light, pinholes in the asphalt film 
are seen. When the coated glass is put in 
water, those pinholes begin to enlarge, 
and ultimately the film of asphalt will 
pull itself together and will form globules 
of asphalt on the surface. I am wondering 
if some of these compounds in drying will 
have that same tendency. 

Mr. C. E, Prouptey (author).—So far 
as I know, no one has ever looked at it 
that closely. My observations, which 
have been made by getting down on my 
knees and touching it with my fingers and 
looking at it as closely as I can, have not 
shown any tendency of that kind. Of 


1 Engineering Director, National Crushed Stone Assn., 
Washington, D. C. 


course, on a concrete surface, you have 


the rough texture resulting from grains 
of sand, and this is comparable to 
mountain peaks and valleys when you 
are considering a thin film of compound 
of this kind. I imagine that the film was 
continuous very early in the life of the 
compound. The liquid compound, as it 
flows or settles before drying, will go to 
the bottom of the valleys between the 
peaks or points of protruding sand grains 
leaving numerous points of a vulnerably 
thin membrane which may be readily 
perforated as the compound ages. 

One of the difficult items in the de- 
velopment of a test of curing compounds 
is the securing of a surface texture of the 
mortar specimens such as will always give 
comparisons on the same basis and with 
the same effective thickness of mem- 


brane. 
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For a number of years considerable 
discussion has centered on the question 
of whether any of the current methods for 
the design of asphaltic paving mixtures 
yield results that correlate reliably with 
performance. Many materials engineers 
hold the view that all the various design 
methods give a “right” answer in the 
hands of the “right” man most of the 
time and that in the final results there 
is little to choose between them. Whether 
or not the “right” answer is the result of 
chance or method is often regarded as a 
minor matter even though the use of 
more economical materials may have 
been excluded. 

Among those individuals who consider 
this matter important, honest differences 
of opinion as to what constitutes a de- 
sign method are prevalent. Conse- 
quently, there has evolved a large 
number of design methods ranging from 
very simple rules and formulas to very 
involved and comprehensive procedures. 
It is extremely difficult, if not impossible, 
to draw any conclusions regarding the 
relative merits of these many design 
methods because of the basic differences 
in philosophy from which each problem 
is approached. Moreover, even when 
design hypotheses are similar or even 
identical, procedures for preparing and 
processing test specimens may vary so 

* Presented at the > sixth Annual Meeting of the 
Society, June 28-July 3, 1953 

1 Assistant Professor, Institute of Transportation and 
Traffic Engineering, University of California, Berkeley, 
Calif.; Present ad ress, Engineer, Pacific Coast 
Div., the Asphalt Institute, Francisco, Calif. 
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widely as to give rise, in effect, to a 
number of “different” design methods. 
Definition of Mix Design: 

The following is submitted as an out- 
line definition of the necessary, essential, 
and comprehensive steps to establish the 
design of an asphaltic paving mixture: 

A. Select the kind of aggregate and 
the particle size distribution (grading). 

B. Select the type and consistency (or 
grade) of asphalt. 

C. Determine the relative proportions 
of asphalt and aggregate (1) by experi- 
ence or empirical formulae, (2) by calcu- 
lation using the void theory or the 
surface area theory, (3) by test. 

It is to be implied that design criteria 
should be considered in each step and 
that the factors involved in making the 
selections are part of the basic philosophy 
of each design method. For example, one 
design method might consider the factor 
of aggregate shape (that is, crushed 
versus rounded) of extreme importance 
in selecting the type of aggregate in step 
A, whereas it might be disregarded en- 
tirely or considered of no consequence in 
another method. 


Purpose of Investigation: 


In this study a comprehensive correla- 
tion of various design methods was not 
intended; it was felt that a comparison 
of some of the more widely used design 
methods would be in order. Furthermore, 
for any one particular asphaltic paving 
mixture selected for the comparison pro- 
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gram, the problem would be essentially 
that of comparing methods used to estab- 
lish the design asphalt content. 

Of the three approaches listed under C 
above, the first defies comparison be- 
cause it involves the intangibles associ- 
ated with judgment, as tempered by 
experience. Empirical formulas are gen- 
erally based on grading analysis and 
represent the codification of experience. 
The second approach is fairly straight- 
forward and involves two basically dif- 
ferent points of view: one stating that 
the quantity of asphalt required in a 
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methods employ a combination of ap- 
proaches (2) and (3) in the determina- 
tion of a design asphalt content after the 
kind and grading of aggregate and type 
and grade of asphalt have been selected. 
Naturally, if it were not possible to ob- 
tain a paving mixture with these mate- 
rials which would meet the established 
design criteria, there would be a change 
in grading of aggregate or asphalt vis- 
cosity, crushing, etc., or the mixture 
would be rejected entirely. 

Table I lists five design methods cur- 
rently in use and gives information re- 


TABLE I.—SUMMARY OF DESIGN METHODS. 


Method of Establishing Design Asphalt Content 
Design Method By Test 
By Calculation 

‘Method of Testing for Stability 

Hubbard-Field................ Void theory Manual tamping per standard | Hubbard-Field extrusion device 
ure 
of I cccaccmcins Void theory Impact (100 blows, 10 lb at 18 in.) | Marshall apparatus 
ae of Public Roads...... Void theory Double plunger (3000 psi) = qnmpneesien (ASTM D 1074 
State of California........... Susfece area Kneading (150 tamps at 500 psi) | Hveem stabilometer and cohesi- 
theo ometer 
Asphalt Institute............. - Double plunger (3000 psi) or | V. Smith triaxial cell 
kneading (250 tamps at 335 psi) 


paving mixture is a function of the void 
volume available between the particles of 
mineral aggregate and the other stating 
that the design asphalt content is a 
function of the surface area of the aggre- 
gate and the asphalt film thickness. 
‘Both theories are used extensively and 
one or the other is generally an integral 
part of most design procedures. The 
_ third approach involves the preparation 
of trial mixes with varying increments of 
asphalt content. Test specimens are 
fabricated and tested for stability and 
_ durability. On the results obtained, the 
mix exhibiting the best combination of 
the desired properties is selected and the 
_ corresponding asphalt content designated 
as the design value. 

Most of the currently proposed design 


garding the methods used by each to 
select the design asphalt content. It 
should be noted that of the five methods, 
four use a combination of approaches (2) 
and (3). 

It is the purpose of this investigation 
to compare these five methods with re- 
spect to: 

1. The job asphalt contents which 
would be obtained on a given aggregate 
material of specified grading combined 
with a given type and grade of asphalt. 

2. The methods used to evaluate the 
significant property of stability.’ 

3. The effect of changing compaction 
methods on the results obtained by the 
various mechanical stability tests. 

* The term stability as used here means, specifically, 


the resistance to deformation of an asphaltic pavement 
under traffic loads. 
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TABLE II.—TRAFFIC VOLUMES, U. S. HIGHWAY 
101, SOLEDAD TO GONZALES. 
Daily Traffic Volume 
Trucks, 
Totar | Paesenser | trailers, and 
ear Vehicles Busses 
Total otal 
Num- *| Num- 
r 
ber | | ber 
3926 | 3139] 80 787 | 20 
6946 | 5787] 83 | 1159] 17 


- ® Traffic count for one 24-hr period, Monday, July 15, 
_ daily traffic, Report of California Division 


of Highways, 1951. 


TABLE III.—SUMMARY OF AGGREGATE 
GRADINGS. 


i 3| 
Sieve* 
£ 
n 
100 
70 
52-66 
31 
26 
20-30 4 
6-11 


Sq 3 
$8 
ES 
one 
$3 
100 | 100 
| 90 
| 7 
63 
a7 | 47 
32 
26 
| 2 
18 | 15 
9 
8 


@ Sieves are those used during construction in 1936. 
> Average of eleven control samples (see Table V). 


TABLE IV.—TEST RESULTS ON ROMC-5S 
LIQUID GRADE ASPHALT. 


23 
| 
~ 
Flash Point, deg Fahr min..... 150 | 150+ | 150+ 
Viscosit: 
Saybolt Furol at 180 F 170-280} 175-280] 196 
Distillation, per cent by volume 
Total to 437 F, max per cent 1 0 2 
Total to 600 F, max per cent 11 |0.05-5.5| 8 
Total to 680 F, max per cent 15 4-14] 10 
Test of residue from distillation 
float test at 122 F........... 100-250} 134-242) 233 
Approximate amount of kerosine 
11 10 10 


® Range indicated is for a total of 25 samples. 
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: 
ee 1082 _ VALLEGRA AND ZUBE ON ASPHALT PAVING MIXTURES 
100 
90 
80 
— 


TABLE VI.—CONTROL TESTS ON FIELD SAMPLES OF PLANT-MIXED SURFACING. 


TABLE V.—_ PRELIMINARY DESIGN 
PLANT-MIXED SURFACING 


DATA FOR 


Test No. 9864, August 13, 1936. 


Grading Analysis as Used 
‘ Note.—Grading represents 
cent of bed 
assing 37 per cent crushed granite 
Sieve, in. y 1 in. X No. 3) 
Weight! 55 per cent 
granite (passing No. 3) 
8 per cent 
100 granite (passing No. 40) 
ite. Surface area, 45 sq ft per lb 
23 
10 
Asphalt content—weight 
aggregate, per cent......| 3.0 | 4.4 4.7 5.0 
Stabilometer values? ... 4 
Bulk specific gravity?..... | 2.35 | 2.37 | 2.38 | 2.38 
0.002 
Permeability, ml per 24 hr 


* Stabilometer value of 35 min specified in California 
for primary highways. 
Specimens fabricated by a combination of impact 
and 3000 psi static pressure. 
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September, 1936. 
Asphalt 
on- Per Cent Passing | Stabil- Perme-| Water 
Number led|per cent} , . ravity| Value, in. | ml per t, 
- _ | 1-in. | %-in, No. | No. | No. | No. | 
| mesh | mesh |N® 3| “to | “40° | 80 | 200 
10630 17 4.0 100 | 91.8 | 58.1 | 43.4 | 23.9 | 18.2 | 8.9 2.38 38 0.003 20 0.8 
10631 18 4.3 98.6) 93.2 | 58.3 | 44.4 | 23.8 | 17.5 | 7.9 2.38 53 0.010 30 0.7 
10694 21 4.3 100 | 93.0 | 62.5 | 48.9 | 25.2 | 18.1 | 7.9 vse 36 0.005 50 0.7 
10693 22 4.4 100 | 90.8 | 66.7 | 52.3 | 24.3 | 17.5 | 7.4 2.36 32 0.000 35 0.6 
10712 23 4.6 100 | 95.1 | 70.6 | 55.0 | 27.8 | 19.5 | 7.4 2.35 40 0.003 35 0.8 
10743 24 4.2 100 | 87.9 | 62.7 | 45.0 | 22.2 | 17.6 | 7.6 2.36 40 0.001 50 0.6 
10744 25 4.1 100 | 92.8 | 66.4 | 49.0 | 24.9 | 17.5 | 7.5 2.41 37 0.005 25 0.8 
10754 26 4.4 100 | 88.6 | 59.5 | 43.7 | 22.0 | 16.7 | 6.5 2.35 45 0.001 5 0.6 
10755 28 4.1 100 | 83.3 | 54.6 | 42.0 | 23.5 | 17.8 | 8.1 2.35 51 0.001 5 0.8 
10872 29 4.1 100 | 88.0 | 60.9 | 47.0 | 24.0 | 17.4] 7.8 2.34 52 0.003 10 0.7 
10915 30 4.2 100 | 90.6 | 66.7 | 52.2 | 35.2 | 18.2 | 8.2 2.40 47 0.000 40 0.9 
Average....... 4.2 9.9) 90 62.5 | 47.5 | 25.2 | 17.8 | 7.7 2.37 43 0.003 25 0.7 
TABLE VII.—TYPICAL DAILY PLANT REPORTS. 
Plant-Mixed Surfacing. 
August 15, | October 1, 
1936 1936 
Grading analysis,® cent 
_ passing by weight 
Sieve 
45 47 
32 36 
22 27 
7.8 10.6 
Asphalt content,? per cent.... 4.2 4.4 
Temperatures, deg Fahr 
220 205 
185 210 
*60 per cent sand and 40 per cent crushed granite 


(Sand is disintegrated granite from borrow pit 500 ft west 
of Station 1 + 60). 
By dry weight of aggregate (ROMC-S asphalt). 
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The material selected for this com- 
parison program is a densely graded 
disintegrated granite combined with a 
road oil medium cured liquid asphalt 
(ROMC-5). Selection of this material 
was predicated on the following: 

1. A section of main highway in Cali- 
fornia had been constructed during the 
summer months of 1936 with this plant- 
mixed surfacing material and as of 1953, 
after seventeen years of continuous ser- 
vice under main-line traffic, the pave- 
ment is still in excellent condition. 

2. Original design recommendations 
and both plant and laboratory control 
data are a matter of record. 

3. Locations of the original sources of 
materials were well established and were 
readily accessible. 

4. The low viscosity characteristics of 
the ROMC-5 asphalt, even after ex- 
tended curing, would tend to magnify 
differences between  sstability test 
methods. 

5. Field specimens were readily ob- 
tainable by field coring operations. 


Description of Prototype: 


The asphaltic pavement constructed of 
the material used in this study is located 
in California Highway District V in 
Monterey County between the towns of 
Soledad and Gonzales and is part of the 
existing coast highway, U. S. 101. Con- 
structed during the months of August 
to October in 1936 under contract 
85 -TC3, the project covered a total 
distance of 8.3 miles and cost about 
$140,000. At that time the operation 
consisted of blanketing an old, badly 
cracked concrete pavement with 23 in. of 
plant-mixed surfacing and constructing 
an entirely new roadway on line and 
grade changes. In the latter case, crusher- 
run base was imported and covered with 
23 in. of the same plant-mixed surfacing. 
_ Because of the narrow width of the 
existing concrete pavement (15 ft). com- 
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pared to the new highway width of 36 ft 
(including shoulders), additional base 
preparations were required along the 
road adjacent to the old concrete pave- 
ment. 

Table II is a summary of the actual 
traffic-count values in 1935 and in 1951. 

Construction procedures called for the 
application of a prime coat of slow cur- 
ing liquid asphalt (SC-2) to the surface 
of the crusher-run base and medium 
curing liquid asphalt (MC-2) to the 
existing concrete before placing the sur- 
facing material. The asphaltic paving 
mixture was manufactured by plant mix- 
ing a blend of approximately 60 per cent 
by weight of fine disintegrated granite 
with 40 per cent by weight of coarse 
crushed granite rock and adding between 
4.2 to 4.4 per cent ROMC-S liquid grade 
asphalt by weight of dry aggregate. The 
fine material was obtained from a local 
borrow pit located 500 ft west of Station 
1 + 60, Section C, and the crushed 


. granite imported from the Logan quarry 


near Watsonville. In Table III are the 
gradings of the combined aggregate ma- 
terial at various stages of the operation 
together with the grading selected for use 
in the test program of this investigation. 
Figure 1 illustrates the characteristic 
shapes of the grading curves and the 
similarity between the grading used in 
construction and that used in this study. 

Test results on the asphalt used in 
construction are presented in Table IV 
which also includes the 1935 California 
specification for ROMC-S liquid asphalt. 
Current specifications no longer include 
this type of asphalt and, therefore, a 
special blend of SC-6 (approximately 
350 penetration) and 10 per cent kero- 
sine was prepared for the experimental 
series of tests. Test values for this ex- 
perimental asphalt are also included in 
Table IV. From an examination of the 
tabulated values, a very close agreement 
in test values between the experimental 


: 
‘ 
: 
Wak 
| 


5 ft 
ase 


asphalt and the asphalt used in con- 
struction is evident. 

Prior to construction a peitiiitien 
mix design was made by the Materials 
Laboratory of the California Division of 
Highways on samples of the aggregate 
and asphalt. Normal test procedures (1)* 
involved the testing of laboratory speci- 
men in the Hveem stabilometer to evalu- 
ate the stability and to establish the de- 
sign asphalt content. Table V indicates the 
tests that were performed and contains 
the essential test results obtained. From 
an analysis of the data by the California 
procedure, which involves computing the 
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stabilometer and swell tests. Careful 
controls were also exercised over the 
plant mixing operations. Data from two 
typical daily plant reports are given in 
Table VII. Both Tables VI and VII 
serve to illustrate the degree of uni- 
formity obtained in producing the 
plant-mixed surfacing and the low 
mixing temperatures used. 


Experimental Program: 


With the above backlog of data and 
information available, a program of 
testing was initiated to obtain further 
data on which comparisons of the five 


TABLE VIII.—OUTLINE OF TEST PROGRAM. 


Design Method Compaction Methods Stability Test Method 

State of California................ Kneading (150 —— * = psi)* Stabilometer and cohesiometer 

ct (100 lows, 10 HD at 18 in.) 

bard-Field' Hubbard-Field (extrusion) 
Kneading (150 ‘tamps at 350 psi) z 

Bureau of Public Roads........... Double plunger (3000 psi)* Direct compression (ASTM D 1074-49 T) 
Kneading (180 tamps te 500 ps i) 

Corps of Engineers................ Impact (100 blows, 10 Ib at Bi in.)* Marshall apparatus 
Kneading (150 tamps at 500 psi) 

Asphalt Institute (triaxial)........ Double plunger (3000 psi) V. Smith triaxial cell 
Kneading (250 tamps at 335 psi)* 


@ These compaction methods are standard for the corresponding stability tests. 


product of surface area and asphalt 
film thickness, the design asphalt content 
appeared to be about 4.4 per cent. It 
was therefore recommended on the pre- 
liminary report that the asphalt content 
should be between 4.4 and 4.7 per cent 
by weight of dry aggregate. For this 
range of asphalt content stabilometer 
values exceed the minimum of 35 re- 
quired for asphaltic pavements subjected 
to main-line traffic in California. 

During construction, field control 
samples were taken periodically and 
checked for compliance with specifica- 
tions. Eleven such samples are shown in 
Table VI with a summary of the test 
results obtained. In general, the results 
indicate high stability and good durabil- 
ity characteristics as evaluated by the 


4 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1095. 


design methods could be made. Sufficient 
quantities of materials were obtained to 
supply the needs of a testing program 
which included the molding of at least 
two specimens at five asphalt contents 
by two or more compaction methods 
for test by each of the five methods 
given in Table I. An outline of the testing 
program is given in Table VIII, indi- 
cating the methods of specimen prepara- 
tion used and the tests conducted. 
Increments of 1 per cent asphalt content 
were used and ranged from 3 to 7 per 
cent by weight of aggregate, except for 
the Asphalt Institute triaxial method 
where the range was from 4 to 8 per 


‘cent, inclusive. 


In addition to the above laboratory 
program, a number of field cores were — 
taken from the section of highway be- — 
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6000 T 1 T 
Specimen Size, Gin, diam by 3 in. (a) 
Test Temperature, I40F 
5000 F— Rate of Loading, 2.4 in. per min 
ROMC, 5 Liquid Asphalt, / \ 
4000 
3000 
J 
2000 
1000 @ 
2.60 
a A Curve of Theoretical Maximum 
Density (Zero Air Voids) Gs=270 
2.40 
2.30 
2.20 
2.10 Compaction Method: J 
O———_ Kneading; 150 tamps at 350 psi 
@——=— Hubbard- Field l 
2.00 
2 3 4 5 6 7 8 


Asphalt Content, per cent Wogg 
Fic. 2,Hubbard-Field Test Results, Soledad-Gonzales Aggregate. 4 
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— Rate of loading, 2in.per min 
ROMC, 5 Liquid Asphalt 


T 
Specimen size, 4in diam by 24 in. 
Test Temperature, F 


(0) 


4 4 

(b) 

- 


a 


-Curve of Theoretical Moximum (Cc) 
Density (Zero Air Voids) Gs =2.70 


_4 


Method: 

O——— Kneading; 150 Tamps at 500psi 

4— — Impact; 100 Blows, 10 Ib a 
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Asphait Content, per cent Wagg 


Fic. 3.—Marshall Test Results, Soledad-Gonzales Aggregate. 
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tween Soledad and Gonzales. These 
cores were cut with diamond bits 4 in. 
and 5 in. in diameter. Table IX is a 
listing of the cores taken and their loca- 
tions. After cutting with a diamond saw, 
the cores were subjected to bulk specific 
gravity determinations and other tests, 
depending on the suitability of the cores 
for such purposes. Because of the varia- 
tion in core size from the standard 
stabilometer specimen, several cores 
were coated with a thin layer of plaster 
of Paris before testing. Also included in 
Table IX is a summary of all results 
obtained on all tests conducted on any 
of the core specimens. 

As the work progressed, it became 
evident from an inspection of the accu- 
mulating data that the field core densi- 
ties were considerably higher than any 
obtained in the laboratory by any com- 
paction method at the corresponding 
asphalt content. Therefore, in order to 
obtain an indication of what laboratory 
compactive effort was required to dupli- 
cate field densities in this case, it was 
decided to prepare four identical mix- 
tures of the Soledad-Gonzales aggregate 
at an asphalt content of 4.5 per cent and 
to subject each mix to kneading com- 
paction with an increasing number of 
blows on a logarithmic scale (that is, 100 
1000, 10,000, and 50,000 tamps) while 
maintaining the tamper foot pressure at 
500 psi. 


Preparation of Test Specimens: 


Identical procedures were employed in 
the preparation of the asphaltic mixture, 
regardless of the compaction method to 
follow. Blending, proportioning, mixing, 
and curing operations were carefully 
controlled and the temperature during 
mixing, in all cases, was maintained 
between 200 and 230F. Mixing was 
performed in a mechanically driven 
vertical bowl mixer (45 rpm) for a period 
of five minutes, after which the mixture 
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was spread in a shallow pan and allowed 
to cure in a forced draft oven for a period 
of 15 hr at a temperature of 140 F. 

After the curing operation the pre- 
determined quantities of mixed material 
to give specimens of desired proportions 
as required in each design procedure were 
measured and the test specimens were 
molded. The compaction procedures 
commonly associated with given test 
procedures were followed very closely. 
These procedures are described in the 
literature for each design method (3, 4, 
5, 7) and in ASTM Method D1074.5 All 
specimens were molded at a temperature 
between 200 and 230 F. 

Following compaction, the molded test 
specimens were allowed sufficient time to 
meet the test temperature requirements 
for each test method. Procedures for 
testing were also those intimately as- 
sociated with the given design method. 
Information with regard to other vital 
statistics, such as test temperatures, 
rates of loading, size of specimen, etc., is 
included as part of the figures illustrating 
the test results, which follow. 


Analysis and Discussion of Test Results: 


Data from the Hubbard-Field test 
plotted in Fig. 2 indicate that kneading 
compaction gives a higher density than 
standard Hubbard-Field compaction. A 
pronounced increase in Hubbard-Field 
stability is apparent with kneading com- 
paction. With Hubbard-Field compac- 
tion the Hubbard-Field test rates this 
mix very poorly in terms of stability. 
The optimum asphalt content based on 
the Hubbard-Field criteria, assuming 
that the material would not be rejected 
for low stability, would be in excess of 
7.0 per cent. With kneading compaction 
the design asphalt content by the same 
criteria would be reduced to about 6.0 per 
cent. 

5 Tentative Method of Test for Compressive Strength 


of Bituminous Mixtures (D 1074-52T), 1952 Book of 
ASTM Standards, Part 3, p. 1270. 


— 
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In Fig. 3 the regular Marshall test re- 
sults would be taken to indicate that this 
is a material of questionable stability 
because the maximum Marshall stability 
under the standard method of compac- 


600 


d 
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Another similar pattern is evident in 
Fig. 4, where the data for the Bureau of 
Public Roads design method are pre- 
sented. Kneading compaction again 
changes the position of the stability 


(a) 


400 


> 77 F 


4 


300 


200 


Specimen size, 4in. diam by 4in. 
| Test Temperature, as indicated 
Rate of loading,O.20in. per min 


ROMGC, 5 Liquid Asphalt. /40F 


ASTM Compressive Strength, psi 


100 
2.60 
ensity (Zero Air Voids 
250 Gg 22.70 
§ 240 
| 
Compaction Method 
2.20 2— kneading, 180 Tamps at 5OOpsi 
Double Plunger, 3000 psi 
10 4 i 


Asphalt Content, per cent W agg 


Fic. 4—ASTM Compression Test Results, 
Roads Design). 


tion was only about 700 lb. Kneading 
compaction improves the stability as 
evaluated by this test method. Based 
on the Corps of Engineer criteria for 
selection of design asphalt content, it is 
calculated that the design value at’ 5 
per cent voids would be around 6.3 per 
cent, assuming the mix to be stable. 


Soledad-Gonzales Aggregate (Bureau of Public 


curves in Fig. 4 (a) quite markedly. 
Also, density by kneading is higher than 
that obtained by 3000-psi double-plunger 
pressure. According to these data the 
asphalt content by the Bureau of Public 
Roads design method based upon 4 per 
cent air voids would be around 6.0 per 


cent. 
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60 T T —— To) 
Specimen size 4in. diam by 2 Sin 
Test Temperoture 140 F 
Rote of looding 0.05in.per min 
ROMC, 5 Liquid Asphalt. 
40 
30 > 
20 4 =e = 
\ 
250 
200 
9 
‘ad —< 
{ 
100 — 
2.60 
(c) 
Curve of Theoretical Maximum 
280 | Density (Zero Air Voids) Gs=2.70 
2.40 
2.30 = 
2.20 Fa Compoction Method : a 
150 Tamps at psi 
Double Plu unger: 2000psi 
210 4—— — Inpact, Blows, Ibs at in. 
2 3 4 5 6 7 8 


Asphalt Content, per cent Wagg 
Fic. 5.—Stabilometer and Cohesiometer Test Results, Soledad-Gonzales Aggregate. 
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| (a) 
| 
| 
Specimen size, 4in. diam by 
Test Temperature, room 
| Rate of loading, Static 
Increments to Equilibrium \ 
ROMC, 5 Liquid Aspholt . 9 
(b) 
7 
Wz ‘ 


Curve of Theoretical Moximum 
/ Density (Zero Air Voids)Ggs = 2.70 


(c) 
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Compaction Method 


Kneading; 228 Tomps ot 335psi 
a--— Double Plunger; 3000psi 
O— — Kneading; 400 Tomps at S5OOpsi 
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Fic. 6.—Smith Triaxial Test Results, Soledad-Gonzales Aggregate. 
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Figure 5 presents the results obtained 
in the California method of test with 
three compaction methods. By both 
double plunger and kneading compac- 
tion, the asphaltic paving mixture shows 
high stability as evaluated by the stabi- 
lometer. Cohesiometer values are rather 
low, as one would normally expect from 
a mixture made with a low viscosity 
asphalt. Figure 5 (c) clearly indicates 
that kneading compaction is more effec- 
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plunger compaction similar to that ob- 
tained in the Hveem stabilometer. How- 
ever, the lower compactive effort in the 
kneading process recommended for these 
specimens results in a density consider- 
ably lower than that obtained by knead- 
ing compaction on all other size speci- 
mens. It should be noted, further, that 
the range of asphalt contents had to be 
increased by 1 per cent in order to ob- 
tain a well-defined stability curve. A 


T 50 
Soledad, Gonzales Aggregate 
pene 45 per cent ROMC,5 Liquid 
——— ™ Asphalt Specimen Size, 4 in. 
diom by 2¥2in. Compaction 
2.60 Pressure 500 psi; I4¢0F 4 
Theoretical Maximum \ as 
> Density (Gs=2.70) 3 
\ 
y \ \ 
= ble 9 i 
= 243 | (Table 9) Density \ § 
20 
= 150 Tamps Considered 
a to Simulate One Yeor \ 
10 
Reproduce Field 
| Density After Sixteen 
Years of Traffic 
2.20 re) 
100 500 1000 10000 100000 


Number of Tamps (Kneading Compactor ) 
Fic. 7.—Effect of Prolonged Kneading Compaction on Density and Stability. 


tive in obtaining high densities than are 
the other two compaction methods. At 
the present time, with specimens made 
with the kneading compactor, it is 
probable that a somewhat higher asphalt 
content would be recommended as the 
stability values are adequate up to 5 per 
cent asphalt content. By double plunger 
compaction, stability values are good up 
to 7 per cent, which is not reasonable. 
The fifth and last design method con- 
sidered in this investigation, the Asphalt 
Institute triaxial (Fig. 6), shows a rela- 
tionship between kneading and double 


greater compactive effort by kneading, 
as shown in Fig. 6, did increase the 
density values and cause a change in 
position of the stability curve. Using 
kneading compaction normally used a 
design asphalt content of 6 per cent is 
indicated, whereas with increased knead- 
ing compaction the design asphalt con- 
tent decreased to about 5.0 per cent. 
Double plunger compaction mixes up to 
8 per cent show good stability. 

A comparison of the data presented in 
Figs. 2 to 6 with the limited field core 
data in Table IX reveals several signifi- 
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cant points. Field densities from this 
pavement under traffic for 17 years, for 
_ example, are invariably higher than lab- 
oratory densities on freshly prepared 
mixtures. It is evident from an inspec- 
tion of Fig. 7, which contains the re- 
sults of a series of specimens subjected 
to repeated tamping in the kneading 
compactor that increasing the number 
of load applications increases the density. 
The operation of the kneading compac- 
tor was originally adjusted to simulate 
about one year’s traffic on the average 
road. (150 tamps at 500 psi on a 4-in. 
diameter by 23-in. specimen was es- 
tablished in 1937.) Notice, also, the effect 
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procedure from cores CH - 6, CH -7, 
and CH - 8, however, gave a penetra- 
tion value of 231, which indicates that 
the amount of age hardening in this 
pavement was not excessive. The pene- 
tration of the base asphalt of an ROMC- 
5 is generally about 350 before the kero- 
sine is added. 

Marshall test results in cores CG-5 
and CG-6 compare quite favorably 
with the laboratory results on specimens 
prepared by kneading compaction, which 
would seem to indicate that kneading is 
more representative of field compaction, 
especially since the asphalt in the field 
still has a fairly high penetration value 


TABLE X.—COMPARISON OF TEST AND DESIGN METHODS BY COMPARING ASPHALT CONTENTS. 


Asphalt Contents, per cent 
Design Method For Maximum Stability For Design 

Compaction - Compaction 
normally Kneading neemaliey used Kneading 
over 7.0 6.0 over 7.0 about 6.0 
CO Seer 6.2 6.0 about 6.3 about 5.5 
Bureau of Public Roads................. 5.2 4.9 about 6.0 about 4.7 
State of Californis...................... less than 3.0 less than 3.0 about 5.0 about 5.0 
Asphalt Institute triaxial................. about 4.0 less than 4.0 about 6.0 about 5.0 


of additional compaction on the stabilom- 
eter value which, for this particular 
mixture with 4.5 per cent asphalt, grad- 
ually increased and then dropped mark- 
edly with further compaction. 

Secondly, the stabilometer values of 
the cores compare quite favorably with 
the present-day test results considering 
the different factors involved. Moreover, 
in both cases the test results indicate 
that the pavement should be capable of 
supporting the traffic loads. 

Thirdly, the cohesiometer values of the 
compacted mixture in the field increases 
with time on the road. This is due prob- 
ably to a combination of increasing 
density due to the compacting action 
of traffic and the hardening or aging of 
the asphalt over a 17-yr period. A speci- 
men of asphalt recovered by the Abson 


(231). Similarly the V. Smith triaxial cell 
obtains good correlation between labora- 
tory prepared specimens and a composite 
field specimen made by stacking cores 
CF - 2, CF - 3, CF - 5 and CF - 6. 
Finally, the air void contents of the 
several core specimens definitely indi- 
cated that the mix in the field is not in 
danger of approaching saturation, and 
no bleeding or loss in stability should 
be expected. A number of other tests 
have been run with other core specimens; 


the data are included in Table IX. —| 


Summary and Conclusions: 


A dense-graded plant-mixed surfacing 
made with a liquid grade asphalt was 
used to construct an asphaltic pavement 
which has been in continuous service for 
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17 years on a main highway in Cali- 
fornia. Although subjected to heavy 
traffic, this pavement has performed ex- 
cellently with a normal amount of main- 
tenance and is still in good condition. 

Because of its excellent performance 
record and the low viscosity characteris- 
tics of the asphalt, a similar paving mix- 
ture was selected for a comparison pro- 
gram of pavement design methods and 
stability test methods. On the basis of 
the test results obtained on both labora- 
tory and field specimens the following 
conclusions are drawn: 

1. An asphalt content of between 4.2 
and 4.7 per cent was actually used in 
construction and there is no evidence to 
indicate that any more (or less) asphalt 
should have been included, at least not 
more than 5 per cent by weight of dry 
aggregate. 

2. The reliability of any stability test 
method that indicates a maximum stabil- 
ity value at an asphalt content in excess 
of 5 per cent should’ be questioned, 
therefore, either as to (a) the adequacy 
of the test specimen in representing a 
field compacted specimen, or (5) the 
validity of the test method in evaluating 
the property of stability (or resistance 
to deformation under load). From Table 
X it is evident that the Marshall, Hub- 
bard-Field and direct compression tests 
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and even the Smith triaxial cell are in this 
questionable category when the methods 
of compaction commonly associated with 
these tests methods are used. In general, 
kneading compaction decreases the as- 
phalt content at maximum stability, but 
only in the cases of the direct compres- 
sion test. and the Smith triaxial test was 
the decrease sufficient to come within 
the 5 per cent maximum established. It 
is evident from Fig. 6 that the Smith 
triaxial asphalt content at maximum 
stability also decreased to less than 5 
per cent when the 4-in. diameter by 
8-in. specimen was thoroughly com- 
pacted by kneading action in order to 
approach more closely the field densities. 

3. A comparison of probable design 
asphalt contents based on criteria gen- 
erally employed is also included in Table 
X and indicates that most commonly 
used design methods recommended the 
use of too much asphalt for the kind and 
grading of aggregate and type of as- 
phalt used in this investigation. 
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DISCUSSION 


Mr. C. A. CARPENTER.'—The paper 
by Messrs. Vallerga and Zube is a valu- 
able contribution in the development of 
the science of designing and testing bi- 
tuminous paving mixtures. It utilizes the 
realistic approach of selecting an example 
of pavement having a long and satis- 
factory service record and of correlating 
all the available data on the mixture in 
the road with test data on a similar mix- 
ture prepared in the laboratory. A cor- 
relation of this sort is most convincing 
and useful, particularly when, as is the 
case here, the data give every indica- 
tion of careful work in the laboratory. 

It is felt that more emphasis might well 
be placed on certain of the indications 
that are quite apparent from the data 
presented: 

1. The stabilometer values for the 
range of trial asphalt contents used in 
arriving at the original design, Table V, 
reached a maximum at 4.7 parts of as- 
phalt for 100 parts of aggregate by 
weight and, when plotted, indicate that 
nearly maximum stability could be ex- 
pected for asphalt contents of about 4 
to just under 5 parts. Table VI shows 
that this is the range that was actually 
used in the road which showed good 
serviceability for 17 yr. The fact that 
the road is still in excellent condition 
after 17 yr of service does not, of course, 
prove that these were the only asphalt 
contents that would have been satis- 
factory, but it is adequate proof that 
these specific asphalt contents were 
satisfactory and, therefore, that the max- 


1Senior Highway Research Engineer, Physical Re- 
search Branch, ureau of Public Roads, Washington, D.C. 


imum stabilometer values (1936 method) 
could safely be considered to indicate the 
optimum asphalt content. Thus, the 
stabilometer, as used in 1936 with the 
combined tamping and compression pro- 
cess for molding the specimens, see note 
Table V, apparently predicted the cor- 
rect asphalt content very accurately 
while also reflecting the good quality of 
the mixture. 

2. It appears from Fig. 4(@) (upper 
solid line and upper dash line) that the 
ASTM Tentative Method of Test for 
Compressive Strength of Bituminous 
Mixtures (D 1074-52 T)? would givean 
equally dependable evaluation of the 
correct asphalt content regardless of 
whether the specimens were compacted 
by: direct compression or kneading. The 
specimens compacted by direct compres- 
sion show compressive strength values at 
77 F in the high range 400 psi plus, which 
are believed to be indicative of adequate 
stability for heavy truck traffic. The op- 
timum asphalt content is indicated to be 
5 parts + 0.2 per 100 parts of aggregate, 
which is a very good check with the re- 
sults obtained orginally (1936, Table 
V) with the stabilometer and in the 
current study by stabilometer using 
straight impact molding (Fig. 5(a) short- 
dash line). Thus it appears that combined 
tamping and compression (the design 
method), spading and compression, 
ASTM method, kneading compaction 
and impact tamping are all four capable 
of producing specimens that are sensi- 
tive to bitumen content as indicated by 


2 1952 Book of ASTM Standards, Part 3, p. 1270. 
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stability, although the degree of knead- 
ing compaction in present use by the au- 
thors appears to render the stabilometer 
ineffective for determining asphalt con- 
tent. 

3. It is quite evident that the kneading 
compactor used by the authors con- 
sistently produces a greater degree of 
compaction in this type of mixture than 
any of the other methods employed in 
the study. This is true even for the mix- 
tures containing a considerable excess of 
asphalt. This would appear to indicate 
that greater compaction could be ex- 
pected on other types of mixtures by 
the kneading compaction procedure than 
is obtained by the other methods. This 
constitutes a strong argument in favor 
of the kneading compactor since it per- 
mits closer approach to, if not complete 
attainment of, the high densities obtain- 
able in testing the unbituminized ag- 
gregates by vibration and is probably 
capable of reproducing almost any de- 
gree of field compaction. The laboratory 
of the Bureau of Public Roads now has 
a kneading compactor built from plans 
furnished by Mr. Vallerga and is carry- 
ing out a correlation study of test re- 
sults on cores from pavements currently 
being built versus test results on labora- 
tory molded specimens of the fresh pav- 
ing mixtures using standard ASTM 
molding procedure, various degrees of 
kneading compaction, and other proce- 
dures. At present this study is being 
made only on typical hot-mix construc- 
tion in the vicinity of Washington, but 
in the light of the very interesting data 
on a liquid asphaltic mixture presented 
in the paper under discussion, it might 
be concluded that laboratory compaction 
and testing procedure satisfactory for 
surfacing containing penetration grade 
asphalt may not be satisfactory for the 
mixtures containing very soft asphalt 
or cutbacks. 

An important relation that generally 
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exists in bituminous mixtures, that be- 
tween stability and the density of the 
aggregate portion of the compacted mix- 
ture, is so often overlooked that some 
restudy of the authors’ data on this rela- 
tion has been made. 

In Fig. 4 the density curves for knead- 
ing compaction and for double plunger 
compression are plotted on the basis of 
over-all compacted mixture density ver- 
sus asphalt content. This is fairly com- 
mon practice, but curves so plotted have 
never been known to correlate in any 
way with stability. They show only the 
over-all changes in bulk specific gravity 
which provide no direct measure of the 
very important underlying factor affect- 
ing stability, the degree of compaction of 
the aggregate particles within the mix- 
ture. 

The statement that density per se does 
not affect stability has been made re- 
peatedly. This is true as long as the word 
“density” is confined in its meaning to 
the classic definition, mass divided by 
volume, where the “mass” includes all 
the materials in the mixture. In order to 
correlate density with stability, a regu- 
lar procedure in the laboratory of the 
Bureau of Public Roads, it is necessary 
to consider the density of the aggregate 
portion of the mixture. This is easily de- 
termined by computation when the over- 
all or “classic” density has been deter- 
mined and the ratio of asphalt to 
aggregate is known. The following ex- 
amples illustrate the ease of the com- 
putation: 

Example A 

Mixture contains 6 parts of asphalt 
by weight to 100 parts of aggre- 
gate. 

Density (bulk specific gravity) of 
compacted mixture 2.420 g per 
cu cm. 

Density of aggregate portion 2.420 


100 
x 106 ~ 2.283 per cu cm. _ 
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Example B (same mixture as A) 
Mixture contains 5.66 per cent as- 
phalt. (5.66 parts by weight to 

100 parts of total mixture). 
Density (bulk specific gravity) of 
compacted mixture 2.420 g per 


cucm. 
Density of aggregate portion 2.420 
94.34 _ 2.283 
x 700 g per cu cm. 


All of the densities plotted in Fig. 4 
were converted as in Example A to ag- 
gregate densities and replotted to deter- 
mine where, on the basis of aggregate 
density, the maximum stability might be 
expected to occur. In the series of speci- 
mens compacted by kneading, the maxi- 
mum aggregate density occurred at 5 
parts by weight of asphalt to 100 parts 
by weight of aggreate. The computed 
aggregate densities were as follows: 


Asphalt Content Parts & per 


usooon 


In Fig. 4 the compression test values for 
kneading compacted specimens also 
reached a maximum at 5 parts asphalt, 
or slightly less, perhaps 4.8, as judged by 
the curve. Thus, the authors’ data show 
the usual good correlation between max- 
imum aggregate density and maximum 
stability. The very rapid fall of the stabil- 
ity curve after the aggregate density 
starts to fall is also characteristic and 
indicates the passage from an interlock- 
ing coarse aggregate system with the 
bitumen only filling interstices between 
the aggregate particles to a mastic sys- 
tem with the coarse aggregate particles 
partially separated from each other by 
the mastic and with fewer and fewer 
points of contact as the proportion of 
mastic and with fewer and fewer points 
of contact as the proportion of mastic is 
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increased by increasing the asphalt con- 
tent. 

These trends show clearly in compres- 
sion tests with specimens compacted by 
spading and direct compression for ag- 
gregates containing natural or processed 
artificial sand as the intermediate ag- 
gregate, and the densities and the stabil- 
ity criteria correlate well with the field on 
hot-plant mixtures as generally laid and 
compacted in the field. They do not 
show as sharply and, in some cases not 
at all, when the entire aggregate grading 
is made up from crushed materials, in- 
cluding unprocessed stone sand. This 
is illustrated when the aggregate densities 
are computed from the lower curve in 
the lower part of Fig. 4 representing mix- 
ture densities as obtained by compression 
molding. When the aggregate densities so 
obtained are plotted, the result is a 
straight horizontal line for all asphalt 
contents from 3 to 6 parts and an insig- 
nificant rise at 7 parts. Thus, since there 
is no appreciable difference in aggregate 
density, the rise of the stability curve 
(dash line, upper section of Fig. 4) up to 
optimum merely indicates the increasing 
cohesive effect of the greater quantities 
of asphalt. Since the hot-mix surfacings 
do not show the great increases in den- 
sity under traffic indicated for the liquid 
asphalt mixtures by the Soledad-Gon- 
zales surfacing mixture, the attitude has 
been taken that this type of mixture 
made up entirely of crushed aggregate 
particles is generally so stable by nature 
that the asphalt content is not a critical 
factor within rather wide limits in hot- 
plant mixtures. However, it appears from 
California’s experience with the Soledad- 
Gonzales road where liquid asphalt was 
used that it would be unsafe to make this 
assumption for liquid-asphalt mixtures. 
There is some indication that it is no 
longer a safe assumption for hot-plant 
mixtures because of the rapid increase 
in truck traffic on many routes. 
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The kneading compactor, or perhaps 
the combined tamping and compression 
molding procedure used in the design 
for the Soledad-Gonzales road surfacing, 
would apparently give a more conserva- 
tive design basis for all bituminous mix- 
tures than does the present spading and 
compression procedure. The more con- 
servative design seems to be well justi- 
fied for the type of mixture used on the 
Soledad-Gonzales road. An effort should 
be made to obtain a better understanding 
of the importance of higher initial com- 
paction in the construction of hot mix- 
tures than is generally obtained under 
present construction procedure. Recent 
experience with hot-plant mix surfacing 
on arterial routes that are subjected to 
high percentages of truck traffic indicates 
that all practical means of obtaining 
maximum stability must be explored if 
we are to maintain satisfactory service 
under the increasingly severe traffic on 
these truck routes. 

It is quite possible that the studies 
now under way may show that greater 
intial compaction in the pavements being 
built with penetration grade asphalt in 
the East is desirable because of currently 
increasing truck traffic. Some recent 
pavement failures under heavy truck 
traffic indicate that compaction and 
stability requirements that were ade- 
quate under the traffic of a few years 
ago may be inadequate now. If greater 
initial compaction will help to solve this 
problem and becomes a general practice, 
it may well be necessary to adopt knead- 
ing compaction or some combination of 
tamping and compression, such as that 
used in designing the Soledad-Gonzales 
mixture for molding laboratory test spec- 
imens, in order to obtain densities that 
will be comparable to such higher pave- 
ment densities. 

The authors’ data are encouraging in 
their indication that the stabilometer 
test and the compression test can be cor- 


related and in their corroborative evi- 
dence that the volumetric theory of design 
is, in common with the surface area 
method, fundamentally sound. 

The writer feels that the authors have 
contributed very materially to the sci- 
ence of mixture design and testing in 
their objective presentation of their 
data and their excellent correlation with 
a successful field project. Further work 
along these same objective lines will 
inevitably promote better understanding 
of the factors that determine pavement 
behavior and perhaps eventual agree- 
ment on the simplest and most depend- 
able sort of an evaluation test. 

Mr. B. A. VALLERGA AND E. ZuBE 
(authors’ closure)—The authors are 
pleased to have as thorough a discussion 
of their paper as has been prepared by 
Mr. Carpenter. 

It is evident that Mr. Carpenter ap- 
proves the approach used by the authors 
in studying the problem of how to design 
asphaltic paving mixtures, but that he 
disagrees somewhat with them in the 
matter of interpretation of data. After 
carefully reviewing Mr. Carpenter’s re- 
marks, the authors are prepared to stand 
firm on their initial interpretation as ex- 
pounded in the original paper and to at- 
tribute any variations suggested by Mr. 
Carpenter to basic differences in view- 
point as to what properties are being 
evaluated by the various test methods. 
Therefore, in the interest of brevity, 
rather than to discuss each contested 
point individually, the authors will con- 
centrate on exploring the reasons for 
these basic differences in viewpoint. 

Three assumptions are made by Mr. 
Carpenter which appear to be largely 
responsible for the differences in inter- 
pretation of the data. These are as fol- 
lows: 

1. That the direct compression test is a 
measure of “stability.” 

2. That a stability curve must have a 
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maximum or “peak” value to be valid 
and this “peak” value must coincide 
with or be very near the design asphalt 
content. 

3. That the density of the “aggregate 
portion of the material” correlates with 
“stability.” 

The authors would like to restate the 
above assumptions, in their respective 
order, to concide with their own beliefs, 
and include brief supporting statements, 
as follows: 

1. That the direct compression test is 
not a measure of stability. 

The direct compression test is 
merely a measure of the ability of an 
asphaltic mix to hold itself together. 
This cannot be defined as the type of 
stability required of a mixture to sus- 
tain wheel loads on a road. According 
to this test a cohesionless aggregate 
has no strength and is therefore un- 
stable, which is not in accordance with 
the facts. Moreover, as is apparent 
from Fig. 4, temperature greatly af- 
fects the magnitude of the strength 
value obtained with the direct com- 
pression test. This is evidence that the 
test measures primarily the properties 
of the asphalt and its effectiveness as 
a binder. The authors firmly believe 
that the stability of an asphaltic mix is 
due primarily to the strength proper- 
ties of the aggregate and that the direct 
compression test, per se, is wholly in- 
adequate as an indicator of stability. 
2. A stability curve need not have a 

maximum or “peak” value to be valid, 
and the “peak” value (if one is present) 
need not coincide with or be very near 
the design asphalt content. 

On the basis that stability of an 
asphaltic mixture is primarily a func- 
tion of aggregate strength, it is evid- 
dent that an aggregate without any 
asphalt should have a high stability 
rating, very nearly the maximum to 
be expected in the mix. Addition of as- 
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phalt generally causes a slight increase 
in stability because of the more inti- 
mate contact obtained between parti- 
cles through better compaction made 
possible by the asphalt. However, in 
many cases because of the lubricating 
characteristics of the asphalt, no in- 
crease of stability is obtained with ad- 
ditions of asphalt to the dry aggregate 
and, in some cases, any addition of 
asphalt will cause the aggregate to 
drop in stability. 

Therefore, a characteristic stability 
curve is one that shows a relatively 
high value of stability for dry aggre- 
gate (actual magnitude of stability 
depending on strength characteristics 
of aggregate) followed by a constant 
value of or a gradual increase or de- 
crease in stability with increasing as- 
phalt content up to the point where 
the lubricating effect of excessive as- 
phalt film thicknesses causes a rapid 
drop in stability. In accordance with 
this hypothesis, it is possible to de- 
velop stability curves which have no 
“peak” value at all over the entire 
range of asphalt contents normally 
considered in design. It is also the firm 
belief of the authors that any “peak” 
stability values that do develop gener- 
ally occur at extremely low asphalt 
contents in comparison with values 
used in construction (that is, design 
asphalt contents). Selecting a design 
asphalt content should, therefore, not 
be predicated on maximum stability 
values but on the premise that for a given 
aggregate and aggregate gradation as 
much asphalt should be added to the 
mix as it will tolerate to secure maximum 
durability, but not so much as to cause 
a drop in stability below an established 
minimum. 

In the use of the stabilometer, for 
example, less consideration is given to 


the asphalt content at maximum sta- 


bility than to the asphalt content be- 
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yond which there may be the danger 
of instability. The State of California 
considers that a minimum stabilometer 
value of 35 will insure sufficient sta- 
ability to carry heavy, main-line Cali- 
fornia traffic. 

3. That the density of the “aggregate 


- portion of the material” does not neces- 


sarily correlate with “stability.” 

The authors do agree with Mr. 
Carpenter that aggregate density does 
correlate with the results obtained 
from the direct compression test as 
can be shown from the data in Fig. 4, 
but for the reasons cited under (1) 
above, they do not concur with Mr. 
Carpenter in his belief that the com- 
pression test is a stability test. Further- 
more, the authors also agree with Mr. 
Carpenter that there is no correlation 
between aggregate density and sta- 
bilometer values as is fairly obvious 
from Fig. 5, but unlike Mr. Carpenter 
the authors consider the stabilometer to 
be an excellent indicator of stability. In 
other words, there is no disagreement 
here in reading the data, but just a 
difference in opinion as to whether the 
stabilometer or the direct compression 
test defines “stability.” 

It is not possible in this closure to 
ferret out all the differences in view- 
points. However, it should be evident to 
the reader that there do exist basic differ- 
ences in philosophy, principally with re- 
spect to the question of what is stability 
and how it should be measured. 
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Most test procedures referred to as 
“stability tests” are really not used as 
such but merely as tools or yardsticks for 
establishing design asphalt contents. The 
direct compression test, the Marshall 
test, and the Hubbard-Field test fall 
within this category. Fortunately, if 
these test methods are correlated with 
performance and if their testing proce- 
dures are followed explicitly, they do 
yield results that in most cases enable 
the experienced engineer to arrive at 
proper values of design asphalt contents, 
and serviceable pavements have been 
constructed with their use. Application 
of these test methods, however, should 
be limited to the mixes and conditions 
which prevailed when the method was 
correlated and they should not be ap- 
plied indiscriminately. 

Without persuing the matter in 
greater detail, the authors would like to 
reiterate the conclusions presented in 
the original paper, with the observation 
that differences in interpretation of data 
in connection with asphaltic paving mix- 
tures will always exist as long as there 
is this lack of agreement on basic prem- 
ises. 

Any discussions of the effects of com- 
paction on stability or density on sta- 
bility, or the relationship between design 
asphalt content and stability, should be 
delayed until the questions of what con- 
stitutes stability and how it is measured 
are resolved. 
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IN WATERS OF HIGH PURITY* 
By WALTER L. RIEDEL! 


An investigation of several methods of testing for dissolved oxygen, in a high 
purity water, was conducted under the sponsorship of the Dissolved Oxygen 


Subsection, Subcommittee IV, ASTM Committee D-19 on Industrial Water. 
The methods studied were the referee and non-referee Methods of D 888? and 
the Schwartz-Gurney B procedure with dead stop, potentiometric, and starch 
titrations. A deaerated feedwater, low in dissolved oxygen and organic or inor- 


ganic materials, was used as the basic sample. Organic and inorganic materials 
were introduced for positive and negative interferences separately, and an air- 
saturated solution added to increase the dissolved oxygen content. 

A statistical technique, the analysis of variance, was applied to the data 
collected and furnished a basis for various conclusions as to the precision of the 


methods. 


Many methods have been developed 
for the determination of dissolved oxygen 
in industrial water and each of the meth- 
ods has its advocates. Conflicting opin- 
ions exist among the proponents of the 
more popular methods in regard to the 
application of some methods to certain 
types of waters, the accuracy and pre- 
cision that can be obtained, and the 
procedure to be used to derive the end 
point. Recently there has been consider- 
able debate between the advocates of 
colorimeteric versus electrometric meth- 
ods of determining the end point. Even 
the proponents of electrometric end 
point procedures are not in agreement as 
to whether potentiometric or dead-stop 
apparatus should be utilized. The evi- 
dence therefore indicates the need for a 


* Presented at the Lig > ath Annual Meeting of the 
Society, June 28-July 3 
Nngineer, Consclidatea Electric Light and Power 
Co., Baltimore, Md 
Tentative Methods of Test for Dissolved Oxygen 2b 
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Industrial Water (D 888-49 T), 1952 Book of 
Standards, Part 7, p. 1155. 


practical comparison of the methods 
most generally applied in order to evalu- 
ate. the methods and to explore the vari- 
ables existing among them—titration 
procedures, technicians performing the 
test, and varying types of water at 
several oxygen levels. 

The Heat Exchange Institute recog- 
nized the need and carried out an exten- 
sive test program in 1945-1946. This 
program contributed greatly to the avail- 
able data on the comparative perform- 
ance of four methods when conducted 
with potentiometric titration. 

The Dissolved Oxygen Subsection, 
Subcommittee IV on Methods of Analy- 
sis of ASTM Committee D-19 on Indus- 
trial Water, desired to investigate the 
variables existing between methods when 
conducted with potentiometric, dead- 
stop, and starch titration procedures, 
different technicians, and varying levels 
of oxygen in relatively pure water and 
water containing oxidizing or reducing 
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interference. They appointed a task 
group to conduct a practical test program 
in Baltimore, Md., from July 14 to 18, 
1952, the data obtained to serve as a 
basis for revision of ASTM Method 
D 888.? 


Test PROGRAM 


Improved techniques and the avail- 
ability of less expensive electrometric 
apparatus have resulted in increased 
application of potentiometric and dead- 
stop end point procedures. The Schwartz- 
Gurney B Method, because it compen- 
- sates directly for the oxygen in the 
reagents, has been widely used with the 
Daugherty sampling modification for 
starch end point determinations and has 
_ also been adapted to potentiometric and 
_ dead-stop end point apparatus. The task 
group chose, therefore, to compare the 
ASTM Method D 888 with the 
Schwartz-Gurney B Method, using three 
end point procedures. 

The six procedures selected for com- 
parison were assigned the first six Roman 
numbers as follows: 


Method I. Referee Method of ASTM 
Method D 888.? 

Method II. Schwartz-Gurney Pro- 
cedure B with potentiometric end point 

Method III. Schwartz-Gurney Pro- 
cedure B with dead-stop end point (2). 

Method IV. Schwartz-Gurney Pro- 
cedure B with starch end point (3, 4). 

Method V. Non-Referee Method A of 
ASTM Method D 888. 

Method VI. Non-Referee Method B of 
ASTM Method D 888. 


The Daugherty sampling modification 
was used in all the Schwartz-Gurney 
procedures. 

These methods were performed by five 


* The boldface numbers in parentheses refer to te list 
of references appended to this paper, see p. 1119. 
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operators; the Referee Method and Non- 
Referee Method A were performed simul- 
taneously as Method I by the same 
operator. Various companies interested 
in the field of dissolved oxygen testing 
supplied the personnel for the test pro- 
gram. All operators had had previous 
experience in dissolved oxygen test work 
and were familiar with one or more of the 
six procedures, but none had previously 
executed all of them, thus lending prac- 
ticality to the program. A day was spent 
in familiarizing them with the different 
methods, the apparatus, and the sam- 
pling setup. 

The group was supervised by a chem- 
ical engineer. A statistician attended the 
entire program to insure that the sta- 
tistical plan was correctly carried out and 
to furnish professional assistance in mak- 
ing whatever changes in the prearranged 
program which might be necessary after 
the program had begun. 

Four concentrations were used to ex- 
plore the effects of dissolved oxygen con- 
tent and positive or negative interfer- 
ences. Concentration A was mechanically 
deaerated water of high purity, contain- 
ing approximately 0.0000 to 0.0050 ppm 
of dissolved oxygen. All other concentra- 
tions were prepared by admixture with 
this basic sample. Concentration B was 
a water containing approximately 0.040 
to 0.060 ppm of dissolved oxygen. Con- 
centration C contained approximately 2 
ppm of tannin and 0.2 ppm of sodium 
sulfite as SO; ion reducing interference. 
For concentration D, 0.2 ppm of NO; ion 
as sodium nitrate oxidizing interference 
was added to the basic sample. It was 
assumed that the basic sample was satu- 
rated with ferric ion. 


Preparations: 


The water for the basic sample was 
taken from the outlet of a tray-type 
deaerating heater, operating at full capa- 
city on condensate from a steam turbine 


| | 
supp 
per 
wate 
| dens 
origi 
loca 
roor 
and 
ple’ 
fron 
shor 
B 
te 
m 
b 
ti 
ai 
a 
n 
t! 


supplied with steam from a 580,000 Ib 
per hr boiler. Evaporated Baltimore City 
water was used as make-up to the con- 
densate cycle. The water for all samples 
originated at the outlet of this deaerator 
located approximately 100 ft above the 
room where all sample collecting, fixing, 
and titrating were performed. The sam- 
ple was conducted through copper tubing 
from its source to the sample table as 
shown in Fig. 1. 


TRAY TYPE | 
ODEAERATOR 


APPROX 
00 FT. 

m 
i=) 
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necting the bottles and discharged to the 
line from the deaerating heater. This per- 
mitted controlled volumes of the B, C, 
or D solutions to be introduced into the 
sample. 

An enlarged pipe section was placed in 
the sample line at the discharge from the 
chemical pump. This fitting was fabri- 
cated from a 1-ft section of 1-in. brass 
pipe so designed as to permit the }-in. 
copper tubing pump discharge line to 


PIPE ENLARGEMENT 


MECHANICAL 


WATER REFRIGERATION 


Fic. 1.—Schematic Drawing of Sampling ates 


Air-saturated water for concentration 
B and solutions of the interference ma- 
terials for concentrations C and D were 
made up and stored in 5-gal pyrex 
bottles, located just above the test loca- 
tion. The bottles contained, respectively, 
air-saturated water, quebracho tannin 
and sodium sulfite solution, and sodium 
nitrate solution. Provision was made for 
pumping from one of these bottles into 
the basic sample stream when the corre- 
sponding concentration was desired. A 
miniature, adjustable stroke, chemical 
pump took suction from a manifold con- 


TO SAMPLE COLLECTION TABLE = 


enter the 1-in. brass pipe tangentially 
near its inlet end. The rest of the sample 
line was fabricated of 3-in. copper tubing. 

The sample then ran through four 
copper cooling coils in series (approxi- 
mately 200 ft of copper tubing), two of 
which were cooled with water and two 
by a mechanical refrigeration system, 
before going to the sample table. The 
arrangement of the sampling table is 
shown in Fig. 2. The sample line entered 
the vertical axis of a hub. From this hub 
the stream was discharged through five 
identical horizontal taps, each 4 ft in 
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length. A valve and hose nipple were 
placed at the end of each of these split 
sample lines. The sample apparatus used 
for each individual method was con- 
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similar Latin Squares, each being se- 
lected randomly. The order of running 
of the rounds also was selected ran- 
domly. Randomness was used to en- 


COPPER TUBING 
COOLED SAMPLE 


LABORATORY TABLE 


Fic. 2.—Arrangement of Sample 


nected with rubber tubing to the hose 
nipples provided. 

The test agenda was divided into two 

parts or replications, each consisting of 

_ 20 tests or rounds. A Latin-Square sta- 


OD SCHEDULE, CON- 
‘TION A, FIRST REPLICATION. 


Operator identification by numbers 1 to 5 inclusive. 


TABLE I.—OPERATOR METH 
CENTRA 


ASTM Method Schwartz-Gurney B 
D 888 Method 
Round No. 
Referee [Referce | Poten- 
Method tiomet- | Starch Stop 
Method| 

1 4 3 2 5 
es 2 5 + 3 1 
2 1 5 3 
See 5 3 2 1 4 
Bebisécekaven 3 1 5 4 2 


tistical plan was used. Table I illustrates 
the scheme for concentration A, first 
replication. 

A study of this table reveals the com- 
plete balance that was obtained. Thus, in 
five rounds each operator used each 
method. The other concentrations had 


Lines at Sample Collection Table. 


large the scope of the test and to 
reduce any bias due to time. This ran- 
domness was restricted in the first repli- 
cation in that two or more consecutive 
rounds were tested at the same concen- 
tration. Since it was found necessary to 
wait no longer than 15 min for stabiliza- 
tion of the sample after changing the 
concentration, this restriction was re- 
moved in the second replication. 


Apparatus: 


The Referee Method (ASTM D 888) 
samples were collected in calibrated 
500-ml McLean sampling tubes as modi- 
fied by the Engineering Experiment 
Station, U. S. Navy, and the Heat Ex- 


change Institute and described in ASTM . 


Method D 888. Samples for the 
Schwartz-Gurney B procedures were 
collected in glass bottles with conical-tip 
glass stoppers. Their capacities were ad- 
justed by the addition of plastic rods, so 
that they would hold 500 + 1.0 ml or 
250 + 0.5 ml. The Non-Referee Method 
B sample of ASTM D 888 was collected 
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in a 300-ml B.O.D. bottle having a 
raised lip around the neck and a glass 
stopper ground to a conical lower tip. 
The capacity of the B.O.D. bottle was 
measured to the nearest milliliter. A 
single glass sampling tube slightly longer 
than the depth of the bottle was used to 
introduce the sample into the bottle. All 
glass stoppers were tied to the necks of 
the bottles with loops of cord. 

The Schwartz-Gurney B Method sam- 
ples were split with stainless steel mani- 
folds constructed so that two of the arms 
delivered volumes of water in the ratio 
of one to two with the arm to the 500-ml 
bottle. The sample bottle containers were 
so designed that the top of the bottle 
necks were more than an inch below the 
overflowing water. 

The room in which all tests were per- 
formed, from sample collection to titra- 


tion, was illuminated with fluorescent. 


lighting. 

Microburets were used in all titrations; 
but, due to the varied sources from which 
the apparatus was derived, the type of 
burets used and the smallest subdivision 
on them were not identical in all meth- 
ods. Differences are described later. 

Glass electrode pH meters were uti- 
lized for the millivoltage measurements 
in the potentiometric methods. The po- 
tentiometric procedures differed only in 
the sampling system and strength of the 
thiosulfate used for titration. 

The apparatus used in the dead-stop 
titration procedure was an adaptation of 
the apparatus of Ulmer, Reynar, and 
Decker (2). According to the procedure 
followed, the end point was always ap- 
proached from the reducing side. Micro- 
burets with the smallest subdivision of 
0.05 ml were used for the dead-stop 
and potentiometric titrations of the 
Schwartz-Gurney B Method, while the 
microburets used in the other meth- 
ods were subdivided to 0.01 ml. Since 
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high precision was obtained in the ee 


stop titration, this difference in appa-— 


ratus is not considered significant. 
All apparatus and reagents were as 


specified in ASTM Method D 888 and > 


the second draft of the Proposed Revision 
to Non-Referee Method A of D 888 (see 
Appendix), except as indicated in the 
text of this paper. 


Sufficient quantities of all reagents re- — 


quired were made up the week previous 
to the start of the program. The dilute 
sodium thiosulfate and potassium iodate 
solutions were made by dilution from 
0.05 N stock solutions daily prior to the 
initial test round. A fresh supply of all 
other reagents was acquired daily from 
the stock supply prior to the initial 
round. Sufficient 0.1 N iodine was added 
daily to the alkaline iodide solution used 
in the referee method to react with the 
reducing interference in the samples. 


Performance: 


Concentration A water ran continu- 
ously through the sampling system from 
48 hr before the first samples were col- 
lected until the samples for the final 
round of the program were completed. 
Whenever it was desired to change to 
another concentration, the proper valve 
changes were made and the stroke of the 
miniature chemical pump was adjusted. 
(The stroke adjustment required to de- 
liver the necessary volume for each con- 
centration had been predetermined.) 

Such valve changes and pump adjust- 
ments were made immediately after the 
samples for the previous round had been 
collected to permit time for stabilization. 

The sample flow rates were adjusted 
to 1000 ml per min at the start of each 
day’s test period and checked at random 
daily to maintain this rate throughout 
the test period. Sample temperatures 
varied from 75 to 78 F daily, a minimum 
of 5 F below room temperature. = 
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The samples for each round were col- and, in addition, each round was com- 
lected for a minimum of 20 min during pleted by all operators before the next 
the first series of 20 rounds and for a_ sample collection period was started. 


TABLE II.—SUMMARY OF TEST DATA. 


ASTM D 888 Schwartz-Gurney B 
Referee Non-Referee B Potentiometric | Dead-Stop Starch 
ConcENTRATION A 
First Replicate 0.0097 a 0.0451 d® 0.0051 c 0.0000 b 0.0083 e 
0.0050 b? 0.0320 e 0.0013 0.0058 ¢® 0.0109 a® 
0.0047 d ¢ b 0.0058 a 0.0000 e 0.0051 c 
0.0036 e 0.0178 c 0.0032 b 0.0032 a 0.0051 d 
0.0036 c 0.0084 a —0.0038 e 0.0000 d 0.0045 b 
Second Replicate 0.0097 d 0.0184 c 0.0134 e 0.0019 a 0.0064 b 
0.0013 e 0.0393 d 0.0026 a 0.0032 b 0.0026 c 
0.0038 ¢ ¢ b 0.0006 0.0064 e 0.0038 a 
0.0074 b ¢ oa 0.0064 c 0.0013 d 0.0006 e 
. 0.0075 a 0.0236 e —0.0019 b 0.0006 c —0.0064 d 
CONCENTRATION B 
First Replicate | 0.0668 c 0.0813 a 0.0685 e 0.0672 b 0.0659 d 
0.0667 a 0.0876 e 0.0672 c 0.0685 d 0.0749 b 
0.0623 b® 0.0866 c 0.0717 d 0.0640 a 0.0666 e 
0.0684 d 0.0818 b 0.0595 a® 0.0608 e 0.0672 c 
0.0700 e 0.0997 d® 0.0704 b 0.0691 c? 0.0730 a® 
Second Replicate 0.0654 b 0.0939 a 0.0659 c | 0.0640 d 0.0698 e 
0.0759 e 0.0902 c 0.0736b 0.0717 a 0.0800 d 
0.0646 a 0.0829 e 0.0646d =| 0.0646 c 0.0691 b 
0.0631 d 0.0908 b 0.0608 a 0.0608 e 0.0582 c 
0.0676 c 0.0892 d 0.0582 e 0.0640 b 0.0730 a 
ConcENTRATION C 
First Replicate 0.0030 e 0.0357 d® —0.0128 a? 0.0237 c? —0.0077 b 
0.0014 d 0.0052 c 0.0032 b 0.0006 e ebag 
0.0054 a ce 0.0000 c 0.0064 b —0.0045 d 
0.0076 c ¢ b —0.0032d =| 0.0032 a —0.0006 e 
—0.0015 b® * & 0.0058 e | 0.0045 d 0.0000 c 
Second Replicate 0.0039 d = << 0.0038 b 0.0000 e 0.0038 c 
0.0041 c ¢ »b —0.0013 a 0.0006 d 0.0006 e 
0.0034 b 0.0210 d 0.0096 e 0.0019 c —0.0224 a 
0.0015 e —0.0006 d 0.0000 a —0.0006 b 
0.0025 a ee 0.0032 c —0.0032 b 0.0064 d 
CONCENTRATION D 
First Replicate 0.0042 b? 0.0304 c 0.0141 e —0.0013 d, 0.0160 a® 
0.0090 e 0.0666 d° —0.0173 a 0.0154 c 0.0070 b 
0.0151 a 0.0346 e 0.0134 c 0.0128 b 0.0141 d 
0.0101 c 0.0346 b 0.0064 d 0.0128 a 0.0077 e 
0.0128 d 0.0409 a 0.0032 b 0.0048 e 0.0077 ¢ 
Second Replicate 0.0120 0.0367 d 0.0154 e 0.0032 c 0.0051 a 
0.01122 | 0.0304c¢ 0.0083 d 0.0096 a 0.0045 b 
| 0.0185 0.0357 a 0.0224 b 0.0141 e 0.0365 ¢ 
| 0.0135 c 0.0409 e 0.0262 a 0.0128b =| 0.0224 d 
0.0042 a 0.0341 b | 0.0122 c 0.0064 d 0.0102 e 
e Operator identification indicated by letters a to e inclusive. ' : 
ape’ was found statistically different from others with this method in first replication. 
© No starch color developed. 
minimum of 15 min during the second Just prior to the starting period for a 


replication. Each round of samples were _ round, data sheets, indicating the method 
drawn simultaneously by the operators assigned to each operator for that par- 
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ticular round, were distributed by the 
statistician. Then at a signal from the 
supervisor of the test, all samples were 
withdrawn simultaneously, immediately 
fixed, and then titrated according to the 
procedures of the various methods. 

Two milliliters of each of the fixing 
reagents were used in all methods but 
the dead-stop titration procedure. In this 
procedure the volumes of the manganous 
sulfate and alkaline iodide fixing reagents 
were reduced to 1 ml, and 3 ml of con- 
centrated hydrochloric acid was substi- 
tuted for sulfuric acid. 


STATISTICAL ANALYSIS 


The analysis of variance was applied 
to the data obtained from the more than 
200 individual determinations of dis- 
solved oxygen. Detailed computations 
are not included because of their bulk, 
but the original data are shown in Table 
II for any desired corroborative calcula- 
tions. 

The values shown in Table II are dis- 
solved oxygen concentrations in parts 


per million as measured and calculated | 


by the respective procedures. They are 
grouped primarily by concentrations and 
secondly in chronological order. Each 
line in the table was obtained by con- 
current determinations on simultane- 
ously drawn, identical samples. The 
operator who made each determination 
is identified by the adjoining lower-case 
letter (a to e, inclusive). From this pres- 
entation an evaluation of any of the 
prime variables—method, operator, and 
concentration—can be made. Study of 
suspected additional variables also is 
possible. 

Extensive analyses of variance dis- 
closed a number of significant relation- 
ships among the variables under study. 
Those concerning the three prime vari- 
ables which the program was designed to 
evaluate are discussed first, followed by a 
few related conclusions of interest. 
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There were significant differences 
among the results by the several opera- 
tors during the first replication. Those by 
four of the five operators departed from 
the self-established norm by more than 
random dispersion. One obtained low 
results with the Referee Method. An- 
other got low results with the Schwartz- 
Gurney Procedure B potentiometric end 
point and high ones with the Schwartz- 
Gurney B starch end point. Two others 
turned in high results with the Schwartz- 
Gurney Procedure B with dead-stop end 
point and Non-Referee Method A with 
starch end point, respectively. These 
differences did not persist in the second 
replication so that they may be attrib- 
uted to operator inexperience with spe- 
cific procedures. In fact, the operators 
were statistically homogeneous in the 
second replication and may be considered 
so for the program as a whole. 

The four concentrations were calcu- 
latedly different so that it was perhaps 
superfluous to demonstrate that differ- 
ence statistically. Although the several 
methods did not agree in the amount of 
dissolved oxygen present, they were con- 
sistent in measuring the difference be- 
tween concentrations A and B. This con- 
sistency disappeared with the presence of 
interference (concentrations C and D). 
The methods could not agree whether 
concentration C was greater or less than 
concentration A. The Schwartz-Gurney 
Procedure B with dead-stop end point 
yielded higher results in one replication 
and lower in the other for an average 
indicating that concentration C is the 
greater, which is theoretically correct. 
All agreed that concentration D was 
greater than concentration A, but there 
was little unanimity on the degree of this 
difference. 

The operators having been established 
as a homogeneous group, and the con- 
centrations as significantly different, it 
was possible to measure statistical simi- 
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larities among the methods. No absolute __ tions are tabulated below: 


standard of dissolved-oxygen content was __ Referee Method of ASTM D 888. . 0.0036 ppm 
available in the program so that judg- Schwartz-Gurney Procedure B with 


ment of only precision, not accuracy, Noweeferee Method B of ASTM 0.0045 ppm 
could be derived. D 888.. ...... 0.0069 ppm 
0.09 


4 
0.08 
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0.04; 
A 
0.03 
0.02 
0.01 0.02 0.03 0.04 0.05 0.06 0.07 : 


Dissolved Oxygen, PPM, with ASTM D888 Referee Method 
oF 1G. 3.—Comparison of ASTM Methods D 888, Referee and Non-Referee B Methods. 


The best indication of relative preci-  Schwartz-Gurney Procedure B with 


sion is given by the over-all standard 
_ deviation for each method. Analysis of starch end point.............. 0.0080 ppm 


_ Variance yields such values free from 

operator and concentration effects. These Although these show Method I to be 
standard deviations for the five methods most precise, the difference of 0.0009 in 
yielding — data in both replica- standard deviation between the Referee 
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Method and the Schwartz-Gurney Pro- 
cedure B with dead-stop end point is 
scarcely significant. These two methods 
thus should be considered of about equal 
precision. Similarly, the other three 
methods should be grouped together as 
having lesser precision but being similar 
among themselves. 

Undoubtedly there was some ‘increase 
in these deviations because of the changes 
in concentration and some changes in 
conditions with time so that they should 
not be used as a criterion of reproduci- 
bility for successive determinations from 
a single sampling location. In the course 
of the program, a few consecutive rounds 
were made without change in concentra- 
tion. Presumably reproducibility on such 
successive pairs of identical samples 
should be better and possibly more in- 
dicative of normal applications. Accord- 
ingly the results from all such pairs were 
abstracted and analyzed for method 
standard deviation, with the following 
results: 


Referee Method of ASTM D 888.. 0.0026 ppm 
Schwartz-Gurney Procedure B with 
end point....... 0.0043 ppm 
wartz-Gurney Procedure B with 
0.0044 ppm 


dead-stop end point........... 
Schwarts-Curney B with 

0.0051 ppm 
Non-Referee Method B of ASTM 
D 888 0.0060 ppm 


All standard deviations decreased, as ex- 
pected, but the Referee Method is still 
the most precise with the remaining four 
approximately equivalent to each other. 

Although the Non-Referee B Method 
is in the same precision range as a ma- 
jority of the procedures, the level of 
results by it was distinctly higher. This 
is illustrated by Fig. 3 in which all results 
by this method are plotted against those 
by the Referee Method. (Statistically 
aberrant results have been excluded.) 
The least-squares best fit gave a straight 
line with an intercept of 0.02 ppm and a 
slope of 1.0. This means that results by 


the Non-Referee B Method averaged 
0.02 ppm greater than those by the 
Referee Method. 

Data for the Non-Referee A Method 
were so incomplete that they are not in- 
cluded in Table II. Starch gave end 
points and the method produced results 
only for concentrations A and B in the 
second replication. Analysis of these 
limited data showed that the Non-Ref- 
eree A Method gave values with concen- 
tration A that were higher (borderline 
significance) than those by the Referee 
Method or any of the Schwartz-Gurney 
procedures. With concentration B, the 
Non-Referee A Method was in the same 
range as these methods. Its standard 
deviation was 0.0078 ppm, in the lower 
precision group. 


COMPARISON OF PROCEDURES 


Essentially two methods of sampling 
were used, the McLean sampling tube 
and the Daugherty sampling modifica- 
tion of the Schwartz-Gurney B Method. 
Since the sampling technique is funda- 
mental to any test, the sampling system 
used has a great influence on the results 
obtained. 

Previous investigations (6) have indi- 
cated that double-size samples are re- 
quired to obtain the same degree of pre- 
cision with the Schwartz-Gurney B Pro- 
cedure as with a 500-ml sample. If the 
sample size were the only consideration 
entering into the precision, this would be 
important. However, a system that auto- 
matically compensates for the dissolved 
oxygen in the reagents and interference 
is desirable. The reduction in precision 
expected as a result of a smaller sample 
size was not apparent in the dead-stop 
titration in this investigation. 

For precise work the use of the sam- 
pling tube is more desirable. The manipu- 
lative skill required in handling this 
type tube during the sampling and fixing 
operations is greater than with bottles, 
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and it is harder to keep sample tubes 
clean. When using sampling tubes with 
glass stopcocks, which require lubrica- 
tion, care must be exercised to keep the 
tubes clean. Teflon stopcocks, which 
obviate lubrication and a possible source 
of error, are now available for use with 
this type sampling tube. Fixing pro- 
cedures are not difficult and only average 
technique is sufficient to insure excellent 
results. 

Potentiometric titrations are more 
time consuming than starch or dead-stop 
titrations. It is desirable in potentiomet- 
ric work to have a two-man team to 
conduct the titration, one to perform the 
actual titration and the other to record 
the data. This procedure was used in this 
program. Even with this assistance the 
potentiometric titrations required more 
time than the other methods of titration. 

The dead-stop titration procedure is 
not difficult to perform and can be com- 
pleted almost as rapidly as a starch titra- 
tion. The end point is sharp and definite 
and can be approached by a continuous 
titration. It is necessary to record only 
the total amounts of thiosulfate and 
potassium iodate consumed in the titra- 
tion. 

In the starch titration procedures, the 
starch color developed in all but one of 
the samples taken by the Daugherty 
modification of the Schwartz-Gurney B 
Method, but it failed to develop in ten 
samples in the Non-Referee B Method. 
Seven of the Non-Referee B samples in 
which insufficient starch color was en- 
countered were samples containing re- 
ducing interference. 

The starch titration was quite gen- 
erally known by all the operators who 
took part in the program. The titrations 
were made with microburets in color- 
matched bowls. The sample temperature 
was high for starch titrations. This re- 
sulted from the high rate of sample flow 
required for simultaneous sampling of all 
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methods and high ambient temperatures. 
To attempt to cool the samples after 
fixing would have resulted in an unrea- 
sonable delay in the program. The pro- 
cedure, although carried out in a well 
lighted room, is always subject to ob- 
server error and temperature effects 
which make the method impractical as 
compared to electrometric methods 
which are not subject to either error. 

An attempt to perform simultaneously 
the Non-Referee A Method by the addi- 
tion of starch to the Keferee Method 
samples was unsuccessful because the 
color failed to develop in a large number 
of the samples. Several attempts were 
made at increasing the amount of iodine 
in the alkaline iodide, but this did not 
effect a change in the starch-color pro- 
duction. 

The Non-Referee B Method was car- 
ried out as prescribed in ASTM Method 
D 888, with the exception that 0.002 V 
thiosulfate was used, the same as in the 
Schwartz-Gurney starch titration pro- 
cedure. The reason for the use of a more 
dilute solution was to permit comparison 
of the starch methods with equivalent 
titrating reagents. The only differences 
in procedures then were the sampling 
method and a slight difference in sample 
size. The precision obtained was greater 
than the potentiometric or starch titra- 
tions of the Schwartz-Gurney procedure. 
However, accuracy apparently was not 
obtained as the values were approxi- 
mately 0.020 ppm high for all concentra- 
tions. 

It is probable that collection of sam- 
ples in B.O.D. bottles results in atmos- 
pheric contamination during fixing. Un- 
der-water sample collecting and fixing 
should improve the results by this 
method. The difficulty which was ex- 
perienced with starch color development 
is attributed to reducing interferences 
for which the procedure does not com- 
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pensate. The difficulty was experienced 
only with concentrations A and C.- 

A total of nine rounds had to be re- 
peated, four in the first replication and 
five in the second. This was due to faulty 
operation of apparatus or operator pro- 
cedure. The data of each method from 
these discarded rounds were destroyed 
before any calculations were made. 

Some further information on the prac- 
tical usefulness of the several methods 
can be obtained by studying the sum- 
mary of results in the light of the fore- 
going discussion. Table III is such a 


TABLE III.—AVER = 10) DISSOLVED 
OXYGEN aa (PPA) By CONCENTRATION 
AND METHOD 


ASTM Method ed B 
D 888 Met 
tion Non- 
Poten- | 
Referee |Referee | | Dead- 
Method Starch | Stop 
Method | | 

0.0056 | 0.0264 | 0. 0033 | 0. ooat| 0.0020 
B..........| 0.0671 | 0.0884 0.0660 | 0.0698] 0.0655 
0.0008 |—0.0028) 0.0038 
0.0111 | 0.0385 | 0.0104 | 0.0131) 0.0091 


@ Excluded due to lack of color in seven readings. 


summary, giving the mean of all dis- 
solved-oxygen determinations by method 
and concentration. 

Excluding the results by the Non-Ref- 
eree B Method, which are 0.02 ppm high, 
those by the other four methods are 
statistically alike at each concentration. 
The superior precision of the Referee 
Method and the Schwartz-Gurney B 
Method with dead-stop titration, how- 
ever, encourages a detailed comparison 
of their performance. There is a practical 
suspicion that results by the Referee 
Method tend to be higher than those by 
the Schwartz-Gurney B Method with 
dead-stop titration despite the lack of 
statistical support. However, the differ- 
ences between average results by the two 
methods at concentrations A, B, and D 
are 0.0036, 0.0016, and 0. 0020 ppm. This 
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consistent difference makes it surprising 
that at concentration C, the Referee 
Method reports not only 0.0007 ppm 
less than the Schwartz-Gurney B Method 
with dead-stop titration but 0.0025 ppm 
less than it does for concentration A. 
Since the solution of reducing salts for 
concentration C was prepared in an un- 
stoppered bottle and therefore contained 
dissolved oxygen, the oxygen content of 
concentration C must have been greater 
than that of concentration A; possibly 
it was of the same level as concentration 
D. Only the dead-stop titration pro- 
cedure reflected any increase between 
concentrations A and C, and this only 
in the second replication although the 
average for both replications was slightly 
higher. 

The choice of the most reliable method 
lies between the Referee Method and the 
dead-stop titration procedure of the 
Schwartz-Gurney B Method. A choice 
cannot be made, however, until sound 
information on accuracy, as well as pre- 
cision, is available. 


SIGNIFICANCE OF DATA 


A comparison of the methods indicated 
that precise results can be obtained with 
random sampling of industrial water, 
either pure or contaminated, containing 
low or high levels of dissolved oxygen 
when the Referee Method of ASTM 
Method D 888 or the proposed Non- 
Referee A Method with dead-stop end 
point titration (see Appendix) is em- 
ployed. The precision of both of these 
methods was far superior to that ob- 
tained with the starch end point titra- 
tions or the Schwartz-Gurney B Method 
with potentiometric titration. For control 
purposes or where the highest precision 
is not required, the Schwartz-Gurney B 
Method with potentiometric or starch 
end point determination gives sufficiently 
precise results. 

The fact that operators can be trained 
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in a reasonably short time to perform 
any of the procedures studied and then 
obtain precise results is evident. Some 
differences occurred in the first replica- 
tion, but in the second replication the 
operators were statistically equal. 

No statement as to the accuracy of any 
method can be made as the result of this 
program. 

As has been previously shown, ac- 
curacy and precision cannot be obtained 
with a starch-titration procedure unless 
a large number of tests are performed 
and a correction for the starch end point 
based upon sensitivity at the tempera- 
ture of titration applied. When con- 
siderable reducing substances are present 
in the water, the starch titration is not 
applicable in methods that do not com- 
pensate for interference. 


RECOMMENDATIONS FOR FURTHER 
Work 


Although this program has established 
the precisions obtainable with the meth- 
ods investigated, another test program 
to evaluate the accuracy of the methods 
is indicated. 

A comparison of the relative accuracies 
and precision of the Referee Method and 
Schwartz-Gurney B procedure, using 
potentiometric and dead-stop end points 


and sampling tubes for the collection of. 


all samples, would be especially valuable. 
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4 APPENDIX 


TESTS FOR DISSOLVED OXYGEN IN INDUSTRIAL WATERS—PROPOSED REVISION 
to ASTM D 888-49 T,2 Non-REFEREE METHOD A‘ 


A pplication 


10. This method, based upon the 
Schwartz-Gurney B Method,' is applicable 
to the determination of dissolved oxygen in 
industrial water when a simple, routine, 
and precise method is required. 


Apparatus 


11. The following apparatus is required: 

(a) Bottle—One approximately 500-ml 
glass bottle with a conical-tip glass stopper. 
Label as Bottle A. 


Nore 15.—Adjust the volume of this bottle 
by adding glass marbles or other noninterfering 
filler, so that it will hold 500 + 1.0 ml of water 
at room temperature when completely filled and 
stoppered. . 


(b) Bottles—Two approximately 250-ml 
glass bottles with conical-tip glass stoppers. 
Label as Bottles B and C. 


Nore 16.—Same as Note 15 above, except 
adjust volumes to 250 ml + 0.5 ml. 


(c) Manifold, Sampling—aA _ stainless 
steel, copper, or glass manifold, similar to 
that shown in Figs. 4 and 5, constructed so 
that two of the exit arms each deliver vol- 
umes of water in the ratio of 1 to 2 with the 
exit arm to the 500-ml bottle. 

(d) Container, Sampling.—A suitable con- 
tainer, such as shown in Fig. 4, with an 
internal support block, both preferably con- 
structed of noncorroding metal and of such 


4To replace present Non-Referee Method A, which 
then becomes Non-Referee Method B, with appropriate 
renumbering of pomgrages and notes. 

5M. C. Schwartz and W. B. Gurney, “The Determina- 
tion of Traces of Dissolved Oxygen by the Winkler 
Method,”’ Proceedings, Am. Soc. Testing Mats., Vol. 34, 
Part II, pp. 796-820 (1934). 
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dimensions that the three sampling bottles, 
with the sampling manifold attached, will 
conveniently fit with the top of the bottle 
necks at least 1 in. below the overflowing 
water level. 

(e) Dishes, Porcelain—Two porcelain 
dishes of at least 600-ml capacity and of 
matched whiteness. 

(f) Miscellaneous.—Burets and pipets as 
described in Section 5. The motor stirrer 
described in Section 5(d) is convenient. 


Reagents 


12. (a) Alkaline Potassium Iodide Solu- 
tion.—Same as Section 6(a). 

(b) Manganous Sulfate Solution—Same 
as Section 6(d). 

(c) Sulfuric Acid Solution—Same as 
Section 6(e). 

(d) Hydrochloric Acid, concentrated, rea- 
gent grade. 

(e) Sodium Thiosulfate Solution (0.05 
N).—Same as Section 6(f). 

(f) Sodium Thiosulfate Solution (0.002 
N).—With a calibrated pipet, transfer 10.00 
ml of the 0.05 N Na2S.O3; solution (Section 
12 (e)) to a 250-ml volumetric flask. Dilute 
to the mark with distilled water and mix 
completely. This solution shall be prepared 
not more than 12 to 15 hr before using. 

(g) Potassium TIodate Solution (0.002 
N).—First prepare a 0.1 N solution by drying 
reagent grade KIO; at 120 C, dissolving 
3.5669 g in distilled water, and diluting in a 
volumetric flask with distilled water to 1 
liter. Dilute 2.00 ml of this 0.1 WV solution 
with distilled water in a volumetric flask to 
100 ml to prepare 0.002 NW solution. This 
solution shall be prepared not more than 12 
to 15 hr before using. 
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Nore 17.—For starch and potentiometric ti- 
trations, the KIOs solution need not be exactly 
0.002 N, since the same amount of solution is 
added to each of the two samples to be titrated, 
whereby the equivalent titration value of the 
KIO; cancels in the subtraction of the two titra- 
tion values. However, the 0.1 N KIO,, if care- 
fully prepared from the pure salt, is useful for 
standardizing the 0.05 N Na2S20s solution (Sec- 
tion 12(e)). 


(h) Stable Starch Solution.—Make a paste 
of distilled water and 6 g of potato or arrow- 
root starch and dilute with distilled water 
to 1 liter. Add 20 g of reagent grade KOH 
and stir until dissolved. Allow to stand for 
2 hr and add 27.5 ml of reagent grade HCl 
(sp gr 1.19) and 6 ml of glacial acetic acid. 
Adjust pH with HCl or KOH additions as 
required to approximately pH 4. 


Procedure 


13. (a) Sampling.—Arrange the volume- 
adjusted 500-ml sample bottle and the two 
volume-adjusted 250-ml sample bottles in 
the sampling container as shown in Fig. 5. 
Connect the inlet end of the sampling mani- 
fold to the sampling line with copper or 
rubber tubing. 


Nore 18.—The sampling line shall contain a 
suitable cooling coil if the water being sampled 
is above room temperature, in which case the 
sample shall be cooled to within 5 F of room 
temperature. If a cooling coil is used, the valve 
for cooling water adjustment shall be at the inlet 
to the cooling coil and the overflow shall be to a 
point of lower elevation. The valve for adjusting 
the flow of sample shall be at the outlet from 
the cooling coil. 


Lower the sampling manifold into the 
bottles with the largest diameter arm in the 
500-ml bottle, bottle A. Open the valve on 
the sampling line to provide a flow rate of 
approximately 1 liter per minute and flush 
bottles and container with warm (approxi- 
mately 120 F) sample to expel atmospheric 
oxygen, allowing the container to overflow 
at least five times its volume. Adjust the 
rate of flow of cooling water until the tem- 
perature of the sample is within 5 F of room 
temperature. For the first sample, or for the 
first sample taken after a cessation of sample 


flow, the sampling line should be allowed to 
flow for an adequate period, usually at least 
20 min, to insure that a representative 
sample is obtained. Subsequent samples 
taken without cessation of sample flow can 
be obtained after flushing the sample bottles 
six to ten volume changes. Without stopping 
or throttling the flow of sample, carefully 
raise the manifold until the arms are out of 
the bottles but still beneath the surface of 
water in the sampling container, turn the 
manifold about 60 deg, and lower the arms 
into the sampling container. Stopper each 
bottle under water and examine each for 
entrained air bubbles and for suspended 
material. If any air bubbles are found, empty 
all bottles and resample until no air bubbles 
can be observed. If suspended material such 
as iron oxide is present, insert suitable filter 
in the sampling line between the cooling coil 
and the sampling manifold and resample. 
The samples are now ready for fixing. 

(b) Fixing—Remove bottle C. Fix only 
bottles A and B; add no reagents to bottle C. 
Fill a 2-ml transfer pipet with alkaline 
potassium iodide solution (Section 12(a)) 
and, with the pipet filled to the tip so that 
no bubble of air will be forced into the sam- 
ple, ease the stopper of bottle A out of its 
seat and simultaneously thrust the pipet 
tip past it and below the neck of the bottle. 
Allow the contents of the pipet to drain into 
the bottle and, as the level in the pipet ap- 
proaches that of the water in the sampling 
container, slowly raise the pipet out of the 
bottle and let the stopper fall back into its 
seat. In a similar manner, add the same 
amount of this reagent to bottle B. Fill 
another 2-ml transfer pipet with manganous 
sulfite solution (Section 12 (b)) and in a 
similar manner add it to bottle A. In a 
similar manner, add the same amount to 
bottle B. Shake and rotate bottles A and B, 
with stoppers firmly seated, until the manga- 
nous hydroxide precipitates are thoroughly 
mixed throughout the samples. Replace in 
the sampling container (with sample water 
still flowing from the manifold arms) and 
allow to stand until the precipitates have 
settled below the shoulders of the bottles. 
Then add from a third 2-ml transfer pipet 2 
ml of sulfuric acid solution (Section 12 (¢)) 


a 


in the same manner as before to bottle A 
and to bottle B. Shake and rotate bottles A 
and B until all precipitate has dissolved. 
The two simultaneous samples are now fixed 
and ready for titration. 


; Nore 19.—25-ml burets with 5-in. tips have 

been found to be satisfactory, provided that no 
lubricant is used on stopcocks, in place of trans- 
fer pipets. 


(c) Titrating (Starch End Point).—Re- 
move stoppered bottles A, B, and C from 
the sampling container. Cool all samples to 
such a temperature that the titrations can 
be completed at or below 70 F. Pour all the 
cool solution from bottle A into a porcelain 
dish marked A, retaining the filler material 
in the bottle. Rinse the inside of the bottle 
with about 10 ml distilled water and pour 
this liquid into dish A. Pour all the cool 
solution from bottles B and C into a porce- 
lain dish marked B, retaining the filler 
material in the bottles. Rinse the inside of 
bottle B with about 10 ml distilled water and 
pour this liquid into dish B. Add approxi- 
mately 3 ml stable starch solution (Section 
12(h)) to each of dishes A and B. If the solu- 
tions in both dish A and dish B show a blue 
color, proceed with the titration. If one or 
both of these samples does not show a blue 
color after the addition of starch solution, 
add 0.002 N potassium iodate solution (Sec- 
tion 12(g)) in increments of 0.1 ml to the 
colorless sample until it just shows a blue 
color. Then add exactly the same amount of 
0.002 N potassium iodate solution (Section 
12 (g)) to the other sample. Both samples 
must now show a blue color and contain the 
same amount of added 0.002 WN potassium 
iodate solution. Titrate the solution in dish 
A with 0.002 W thiosulfate solution (Section 
12(f)) to the disappearance of the blue color 
and record the number of milliliters required 
as T, . Similarly titrate the solution in dish 
B and record as T3. 

(d) Titrating (Potentiometric Titration).— 
Employ the apparatus of Section 5(c), (d), 
(f), (g), (A), and (j), and the general pro- 
cedure of Section 7(c). Empty bottle A into 
the clean, 800-ml beaker, rinsing the bottle 
with a few milliliters of distilled water and 
adding the rinsings to the beaker. Rinse 
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both electrodes with distilled water and re- 
adjust the sleeve on the calomel electrode 
to provide a fresh junction. Place the beaker 
on the titrating stand with both electrodes 
immersed in the sample, start the stirrer, 
and adjust its speed to mix the sample 
rapidly without causing a vortex to draw 
bubbles of air into the liquid. Add about 3 
ml of starch solution (Section 12(h)) to the 
sample. If a blue color appears, add about 1 
ml, measured to the nearest 0.01 ml, of 0.002 
N potassium iodate solution (Section 12(g)) 
to the sample. If the sample remains color- 
less, add sufficient 0.002 N potassium iodate 
solution to develop a blue color and then 1 
ml in excess, measuring the total addition 
to the nearest 0.01 ml. Titrate with 0.002 
N sodium thiosulfate (Section 12(f)). Record 
the cumulative amount of titrant, the emf 
across the electrodes, and the quotient 
Aemf 
thiosulfate after each addition. Make pro- 
gressively smaller additions of thiosulfate 
as the end point is approached and passed. 
Record the cumulative addition correspond- 
ing to the maximum value of the quotient, 
without regard to sign, as T, . Empty the 
beaker, rinse it and the electrodes with dis- 
tilled water, and prepare a fresh junction 
with the sleeve of the calomel electrode. 
Empty bottles B and C into the beaker, 
rinsing bottle B with distilled water. Add 3 
ml of starch solution and the same amount 
of 0.002 N potassium iodate, measured to 
the nearest 0.01 ml, as was added to the 
sample from bottle A. Titrate this sample 
exactly as before and record the result as 7’: . 
(e) Titrating (Dead-stop End Point)—Ad- 
justment of Apparatus. Turn on the appa- 
ratus 10 to 15 min before a titration is to be 
made. Add 500 ml of distilled water to the 
beaker (Section 5(c)). Start the stirrer. Using 
the general technique of Section 13(b), add 
3 ml hydrochloric acid (Section 12(d)) to the 
beaker, then 1 ml of potassium iodide solu- 
tion (Section 12(a)), and finally 1 ml of 
manganous sulfate solution (Section 12(6)). 
Then by means of the buret add 0.5 ml of 
0.002 N sodium thiosulfate (Section 12(f)). 
With the “coarse” and “fine” adjustments, 
set the “eye” (see note 20) so it is approxi- 
mately 80 per cent open. The apparatus is 
now ready for the titration. 
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Note 20.—This method is based on polariza- 
tion and depolarization of plain platinum, elec- 
trodes immersed in the solution to be titrated. 
The condition of the electrodes and therefore the 
end point is determined by the appearance of an 
indicator ray tube of the 6E5 type (also referred 
to as a “magic eye’). When the solution is “re- 
ducing,” as when thiosulfate is in excess, the 
electrodes become polarized (“eye” opens); 
when the solution is oxidizing, as when iodate is 
in excess, the electrodes become depolarized 
(“eye” closes). The end point is much more 
sensitive when the titration is carried out with 
iodate. Consequently an excess of thiosulfate is 
added. 

Note 21.—By adding the fixing reagents in 
reverse order, a solution of the same general 
properties as that obtained in the titration is 
obtained. By adding the excess sodium thio- 
sulfate solution, the solution is made “reduc- 
ing,” thus making possible a setting of the “eye.” 
If the apparatus is used regularly, such adjust- 
ment generally is not necessary. 


(f) Actual Titration—Using the same 
general technique of Section 13(c), pour all 
of the solution from bottle A into the beaker. 
With the stirrer running, add 0.50 ml of 
0.002 WN thiosulfate by means of the buret. 
This should cause the “eye” to open to about 
80 per cent of full opening area. Use the fine 
adjustment if required to set the “eye.” Then 
add 0.002 N potassium iodate dropwise until 
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1 drop causes the “eye” to close. This is the 
end point. Subtract from 0.50 the milliliters 
of 0.002 N potassium iodate required and 
record this value as 7, . Empty the beaker. 
Empty bottles B and C into the beakers, rins- 
ing with distilled water. Add 0.50 ml of 0.002 
N sodium thiosulfate. Then add 0.002 N po- 
tassium iodate dropwise until one drop 
causes the “eye’’ to close. Subtract from 
9.50 the milliliters of 0.002 N potassium 
iodate required and record the result as 7's . 


Norte 22.—It should be noted that the 0.50 
ml of 0.002 N thiosulfate added is equivalent to 
0.032 ppm of dissolved oxygen. If more than 
0.032 ppm of dissolved oxygen is present, the 
“eye” will not open and more thiosulfate must 
be added until the “eye” opens. In calculating 
T, and T3 any additional thiosulfate added must 
be considered. 

Calculation 


14. Calculate the dissolved oxygen con- 
tent of the sample as follows: 


Dissolved Oxygen, ppm = 0.064 (Ta — Ts) 


Precision and Accuracy 


15. A skilled operator employing this 
method can obtain results with a precision 
of ... ppm and an accuracy of ... ppm. 
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DISCUSSION 


Mr. Rosert C. Apams*! (presented in 
written form.)—Frequently compliments 
to the author of a paper are empty words 
from a similar source. In this case, how- 
ever, I believe that. the Society owes a 
particular debt to the author which 
should be acknowledged. 

Mr. Riedel is not a member of the 
Society, Committee D-19, or the Task 
Group which planned this study. But he 
was the man who made all preliminary 
arrangements at the site, received and 
sorted the equipment supplied by the 
cooperators, and supervised the entire 
group in carrying through the planned 
program. Now he has prepared a com- 
prehensive report of the tests, the data, 
and the significance of those data. Let 
me express our appreciation to Mr. 
Riedel for his large part in this coopera- 
tive effort. 

This report is another example of the 
distressing fact, so well known by tech- 
nologists, that an investigation seldom 
produces unequivocal answers to the 
questions studied. A corollary is that too 
often a study poses more questions than 
it answers. 

Basically, this program was planned to 
answer three questions: 

1. Is Method I the best available? 

2. Is Method III almost as good? 

3. Is Method VI good enough to keep 
as an alternate ASTM procedure? 

Desire for quantitative answers dic- 


* Opinions expressed herein are those of the discussor 
and not necessarily those of the Department of the Navy. 
1 Superintendent, Chemical Engineering Laboratory, 
us. Naval Engineering Experiment Station, Annapolis, 
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tated the careful statistical planning, 
supervision, and subsequent analysis. 
Many variables were introduced and con- 
sidered to provide more comprehensive 
information. But the basic questions were 
the three above, and how well have they 
been answered? 

This paper gives affirmative answers 
to all three questions. The standard 
deviation of Method I was consistently 
lower than that of the others. That of 
Method III was higher, but not signifi- 
cantly so, so that Method III can be 
accepted as virtually equivalent to 
Method I. Method VI was distinctly 
less precise, yielded consistently high re- 
sults, and could not cope with inter- 
ference. Despite these shortcomings, it 
is useful in limited applications, par- 
ticularly where a simple and rapid pro- 
cedure must be employed. These general 
replies are somewhat less than the hoped- 
for quantitative ones. 

This is at least the third attempt to 
obtain a definitive answer to the first 
question. The first was by an earlier task 
group of Committee D-19 in a somewhat 
similar clinic in 1944; the second, that of 
the Heat Exchange Institute. All agree 
on the superiority of Method I, but 
cannot convincingly say how good it is. 
This paper says that at least two thirds 
of successive determinations from a uni- 
form source will fall within a range of 
0.005 ppm. The unpublished data of the 
1944 clinic indicated a corresponding 
range of about 0.004 ppm. A comparable 
figure is not available from the HEI 
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Discussion ON DISSOLVED OXYGEN IN WATERS | 


study because of the different statistical 
collection and analysis of data used 
therein. 

These independent and consistent 
judgments of Method I as the best are 
gratifying to me. Method I is the one 
developed by my associates and de- 
scribed to the Society in our 1943 paper.? 
Its major use by us has been for qualifi- 
cation testing of deaerating feedwater 
heaters. In such applications, of course 
with skilled and experienced analysts, we 
have felt that the range as indicated 
above (2 «) was no more than 0.002 ppm. 
This is an opinion, not a calculated value. 

While this report returns another vote 
of confidence in the superior precision of 
Method I, it rouses suspicions of the 
accuracy of this and all the other meth- 


2 Robert C. Adams, Robert E. Barnett, and Daniel E. 
Keller, Jr., ‘Field and Laboratory Determination of Dis- 
solved Oxygen,” Proceedings, Am. Soc. Testing Mats., 
Vol. 43, p. 1240 (1943). 
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ods. I refer to the data in Table II of the 
paper. As the author points out, the re- 
sults obtained on concentration C, that 
containing reducing interference, are 
lower by all methods than can be ration- 
alized. Our 1943 paper presented an 
exploration of all types of potential inter- 
ference and concluded that Method I 
should compensate for any whose chem- 
ical behavior was not identical with that 
of dissolved oxygen. After the years of 
use and study of this method by our- 
selves and others, this questioning of 
compensation for reducing interference 
is most disturbing. Here, the study in- 
tended to answer questions asks a more 
serious one, which must be answered. 
Let me urge that studies of relative 
accuracy, as well as precision, be planned 
and prosecuted as soon as possible. I 
suggest that Methods I, III, and VI of 
this paper be used for such further com- 
parative study, 
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PROPERTIES OF VARIOUS FILTERING MEDIA FOR ATMOSPHERIC 


DUST SAMPLING* 


By WALTER J. SmitH' AND NoRMAN F. SURPRENANT' 


In sampling for atmospheric dust and 
for testing atmospheric dust conditions, 
a number of methods are in use which 
depend upon filtration to arrest the dust 
particles. The effectiveness of any such 
method or even its success can depend, 
to an important degree, on the filter 
medium that is selected. Because they 
may be so important, the properties of 
any filter medium should be well under- 
stood before its use is recommended for 
any test method. It is the purpose of this 
paper to compare and discuss properties 
of several filtering media with respect to 
various air sampling requirements. All of 
the media to be considered are now avail- 
able, and most of them are being used for 
air assay work. 

There are various reasons for collect- 
ing a sample of atmospheric dust, and the 
purpose to be served will influence selec- 
tion of the filtering medium. Measure- 
ment of mass concentration of dust in 
the air, particle size distribution, chem- 
ical analysis of the particulates, toxicity 
assay, radioactivity measurements, study 
of organisms, and evaluation of soiling 
characteristics are some of the reasons 
for or purposes of sampling. 

Conditions under which the sampling 
must be done may also influence selec- 
tion of a medium. For example, glass 
fibers would not be used in anatmosphere 
known to contain an appreciable amount 
of hydrofluoric acid vapor. 

In some cases a particular filter me- 
dium is used in a certain application 

Presented at the li ~ sixth Annual Meeting of the 
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only because of long standing practice 
which, for consistency, is kept un- 
changed. However, when ihe need arises 
to select a filter for some new or special 
purpose, an understanding of the general 
filtering properties of available media 
should be useful in making an intelligent 
choice. It is our purpose to contribute to 
the fund of such information. 

The problems associated with selec- 
tion and use of air sampling filter media 
were discussed at the Air Cleaning Sem- 
inar, sponsored by the Atomic Energy 
Commission and held at Ames, Iowa, 
September 14 to 17, 1952. As a result of 
that meeting, a study of filter media and 
sampling practices was undertaken by 
Arthur D. Little, Inc. A questionnaire 
survey of some 40 laboratories, most of 
them within the Atomic Energy Com- 
mission operating areas but including also 
a number of outside laboratories, pro- 
vided a list of air sampling media that are 
in current use at these laboratories. 

A group of samples was then assembled 
that represented nearly all of the media 
mentioned in the survey. This paper de- 
scribes and discusses air filtration test 
results obtained for these media and for 
a few others? that were included because 
of their special interest. The test meth- 
ods have included di-octyl phthalate 
smoke penetration, atmospheric dust 
penetration, efficiency by particle size, 
and plugging rate on atmospheric dust. 
A range of performance characteristics is 
provided which may aid one in selecting 


Atomic Energy Commission mineral papers were 


added to the group. 
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TABLE I.—EFFECT OF FLOW RATE ON PRESSURE DROP* AND DOP SMOKE PENETRATION® FOR VARIOUS AIR SAMPLING MEDIA. 


per min 


$x 
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1.1 


5.0 | 0.47 


9 mil |18 mil 
tyl phthalate particles 0.3 « diameter, 50 m 


0.015 
0.67 


1-0C 


0.022 
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hes of water. 
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a filter material for any dust sampling 
purpose. 


Di-OctyL PHTHALATE SMOKE 
PENETRATION TEST 


The di-octyl phthalate smoke pene- 
tration meter, or ‘DOP tester” as it is 
called more commonly, was developed by 
the armed services during the war and 
has become a well known and highly 
respected device for evaluating high 
efficiency filters. Instrumental parts of 
the tester and theories of their operation 
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sol concentration (unfiltered smoke) and 
against absolutely clean air. Penetration 
through a test specimen of filter medium 
is then read off directly in per cent. 

Since the aerosol particles at 0.3 yu 
diameter are in the approximate size 
range for the most numerous micro- 
scopically visible atmospheric dust par- 
ticles, the DOP test gives efficiency val- 
ues that parallel those obtained by at- 
mospheric dust counts. 

Under the somewhat standardized 
conditions of normal laboratory test pro- 


0.07 35 
‘enetration, per cen’ 
006 —-—-—-Pressure Drop 
° 
0.03 
0.01 Put = 5 
% 20 40 60 80 


100 120 40 = 180 


200 


Velocity, linear ft per min 
Fic. 1.—DOP Smoke Penetration and Pressure Drop versus Velocity for CWS No. 6 Paper. 


have been well presented in the literature, 
(1, 2, 3).2 For our needs here a very brief 
description will serve. In the DOP tester, 
there is a smoke generator for producing 
a controlled, mono-dispersed, liquid aer- 
osol of di-octyl phthalate. This is ac- 
complished by condensation from the 
vapor state, and the droplets so formed 
are held very close to 0.3 yw diameter. 
Particle loading is about 50 micrograms 
per cu dm. A light scattering chamber is 
also provided with sensitive photoelec- 
tric pickup means for accurate measure- 
ment of smoke particle concentration. 
The tester is adjusted against full aero- 


* The boldface numbers in parentheses ag 1g the list 
of references appended to this paper, see p. 1 


cedure, DOP smoke penetration measn 
urements are made at 28 linear ft per mi, 
through a 4.5-in. diameter circular are” 
of the medium. In the work to be de- 
scribed, this area size was used for flow 
rates up to 28 ft per min. But to reach 
the higher flow velocities (up to 200 
linear ft per min), a test area of 1.75-in. 
diameter was used. 

Table I shows DOP smoke penetration 
efficiencies over a range of air flow veloci- 
ties for the entire group of air sampling 
media. It is evident immediately that 
there is a very great difference in effi- 
ciencies as measured by this test. Per- 
haps this is the point at which to stress 
that DOP smoke penetration alone must 
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not be taken as a general measure of _ these are by far the most numerous), then 
usefulness for all filters. It is a‘ very the DOP test can tell a great deal about 
severe test and is now used primarily to what a filtering material can be expected 
rate absolute-type filters. When dealing to do. 

with media intended to collect bulk dust An interesting feature of the data 


0,007 35 
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£ 
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Penetration, per cent 
——-—-— Pressure Drop 5 


40 60 80. 100 120 140 160 180 200 
Velocity, linear ft per min : i 2 
Fic. 2.—DOP Smoke Penetration and Pressure Drop versus Velocity for Hurlbut Glass Fiber 


——— Penetration, per cent 


90 Drop > 15.0 
— 
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> 
4 
i 
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Oo 20 40 60 80 100 120 140 160 180 200 
Velocity, linear ft per min 
Fic. 3.—DOP Smoke Penetration and Pressure Drop versus Velocity for Whatman No. 41 Paper. 


or to analyze for atmospheric dust on a_ shown in Table I is the relation of DOP 
weight basis, very fine particles con- filtering efficiency to flow velocity for the 
tribute to a minor degree and become different types of filter materials. Sets of 
unimportant; the DOP test then has data selected from Table I have been 
much less significance. However, if one’s plotted to show some characteristic 
interest extends to the submicron size curves. 

dust particles of the atmosphere (and Figure 1 is for CWS No. 6 paper. At 
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a low air flow rate, it is very efficient. 
This is a fortunate circumstance because 
this type of material is used principally 
for making large volume, high-efficiency 
space filters in which face velocity 
through the medium is only 5 linear ft 
per min. With increase of flow rate, 
smoke penetration increases to a maxi- 
mum at about 30 ft per min. As the flow 
rate is further increased, penetration 
again falls off progressively. This be- 
havior has been studied by Ramskill 
and Anderson of the Naval Research 
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HV 70 (18, mil) show curves similar to 
that for CWS No. 6. 

Figure 2 shows the plotted data for a 
still more highly efficient medium. This 
is a sample of glass fiber paper that con- 
tains a resin binder and is made by the 
Hurlbut Paper Co. The fibers in the sheet 
have a diameter of about 4 yw. The result- 
ing curve also shows the peak typical of 
high efficiency media. 

Chemical filter papers as illustrated by 
the Whatman papers are niade in several 
types, and they give a variety of curves. 


70 175 
A 
60 7HI50 
Z 
8 
100 
& 40 
£ 
2 
5.0 
a Penetration, per cent 
10 4 Pressure Drop 25 
‘ eae 
0 2 40 6 80 00 120 140 60 180 20 


Veloctiy, linear ft per min. 
Fic. 4.—DOP Smoke Penetration and Pressure Drop versus Velocity for MSA Type “S” Filter. 


Laboratories (4). They attribute the low- 
velocity positive slope to the influence of 
diffusional collection, while the higher 
velocity negative slope is explained by 
influence of inertial effects. In addition 
to flow velocity, these authors show how 
the character of the curves is controlled 
by aerosol particle size, particle density, 
diameter of the filter fiber, and inter-fiber 
spacing. 

Pressure drop, plotted separately in 
Fig. 1, is nearly linear with flow rate, 
indicating viscous flow through the 
medium. 

All of the high-efficiency papers, AEC 
No. 1, AEC mineral fiber papers, and 


Figure 3 shows a plot for paper No. 41 
which is typical of many of the cellulose 
papers. 

Paper No. 42 (Table I) is remarkably 
efficient for an all-cellulose sheet. This 
efficiency is attained at low flow velocity, 
but pressure drop is high. 

MSA type “S” filter, which is used 
successfully for high volume air sampling 
(5), shows an unusually uniform DOP 
efficiency level over a wide range of flow 
rates (Fig. 4). While all of the other filter 
specimens come in flat sheets, type “S” 
is different. It has. a molded shape of 
concentric convolutions designed to pro- 
vide a large filtering area. A piece was cut 
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from a reasonably flat area and used as 
the test specimen. : 

Membrane filters have been described 
as molecular sieves. Collection appears 
to be almost entirely at the surface. It is 
perhaps for this reason that they fill up 
rapidly on an oil smoke (like DOP) and 
so may not show up to best advantage in 
this test. 


TABLE II.—IMPACTOR COUNT EFFICIENCY 
ON SUBMICRON ATMOSPHERIC DUST PARTICLES 
COMPARED WITH DOP EFFICIENCY FOR VARIOUS 
AIR SAMPLING MEDIA. 

Flow rate, 20 linear ft per min. 


DOP 
ust Count Effi- 
Filter Medium Eficiency, ciency. 
per cent® cent? 
Whatman Chemical Filter 
50.0 57.0 
15.0 23.0 
99.1 99.5 
85.1 84.0 
26.5 23.0 
24.0 19.0 
98.8 99.2 
97.0 98.6 
92.0 97.0 
67.0 65.0 
13.0 15.0 
MSA type “‘S”.......... 46.0 48.0 
Millipore type “HA”’.......... 99.9+- 
Millipore type “‘AA”.......... 99.9+ 
Hurlbut glass paper.......... 99.99-+- 
No particles} 99.9+- 
found after | 99.9+ 
6 hr running| 99.9+ 
AEC glass-asbestos............ 99.94 


® Average of four tests. 
> Calculated from Table I. 


All fiber filter materials “fatigue” in 
the DOP tester. After running on DOP 
for several minutes, the smoke pene- 
tration increases. One explanation of- 
fered is that electrostatic effects in the 
filter body are lost due to accumulation 
of liquid. It is known that filters depend- 
ing on electrostatic effects fail quickly 
when used on oily smokes, so there is 
some basis for the suggested explanation. 
For the present, it is only important to 
mention that a DOP test should be made 
over a short period of time. 
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EFFICIENCY By ATMOSPHERIC Dust 
CouNTS 


It was stated earlier that DOP test 
results are comparable with efficiency as 
measured by counts on atmospheric dust 
particles. This is shown by the data in 
Table II. Here the DOP filtering effi- 
ciencies of the various media are given, 
calculated from Table I, and atmospheric 
dust count efficiencies are shown for com- 
parison. 

To measure these efficiencies on at- 
mospheric dust, a high-specd impactor 
(6, 9) was used for collection. Particle 

Ill.—PARTICLE SIZE DISTRIBUTION 
E AND AFTER 


TABLE 
IN ATMOSPHERIC DUST BEFORE 
FILTRATION THROUGH DIFFERENT MEDIA. 


Count Analysis of Air-Borne Particles, 
per cent of each size 


Particle 


] Filtered Air 
Diameter, » 


tered 


man | man “gy 
No. 1| No. 4|No. 41|No. 42 


.| 31.8 | 52.8 | 45.2 | 47.4 | 51.0 | 50.0 
42.6 | 35.3 | 38.1 | 40.3 | 39.3 | 41.8 

-| 16.2 | 10.6 | 14.2] 9.1] 8.5] 7.0 
6.8} 1.1] 1.9] 2.4] 1.1] 1.0 
0.2] 0.6) 0.8] 0.1) 0.2 


Nortes.—Flow Rate: 20 linear ft per min through the 


Each value based on counts for two filters 
with no fewer than 40 counts each point 
each filter. 

Particles collected sonic veloci 
Counts and measurements by 
microscope 1350 X. 


impactor. 
immersion 


concentrations were measured before and 
after the filter. In most cases, four tests 
were made on each filter and 200 counts 
were made each time. Efficiencies were 
calculated from counts on the sonic 
velocity stage of the impactor; particles 
were 1 yw» and smaller in diameter. No 
counts were obtained on the clean side 
of the very efficient media even after 
running the impactor for 6 hr. It should 
be borne in mind that the great numbers 
of atmospheric dust particles are less 
than 1 yw in diameter. Rating of a filter 
by counts on such dust is the same as 
rating that filter for performance in 
those small particles. 

Even those who have been aware of 


- 
Below 0.4.... 
0.6-0.8....... 
Over 2.0...... 
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the relation of DOP efficiency to particle 
count efficiency may be surprised by the 
close correlation of these separate meth- 
ods. The results strongly indicate that 
the DOP tester can be relied upon to 
evaluate all filter media with respect to 
efficiency against submicron size atmos- 
pheric dust particles. 


EFFICIENCY BY PARTICLE SIZE 


In the methods just described, only 
submicron size particles were dealt with. 
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of the cellulose fiber filters to be included, 
but a representative group was selected. 

Efficiency of filtration by particle size 
is shown in Table IV. Here again effi- 
ciency was measured by particle count 
on high-speed impactor plates. No par- 
ticles were found above the size of 2 p, 
and all of the filters showed good to 
excellent efficiency on particles in the 1- 
to 2-4 range. When the primary interest 
is in weight of dust collected, these filters 
are generally adequate since large dust 


Fic. 5.—Life Testers for Air Filter Media. 


When larger particles are considered, 
attention becomes limited to the cellu- 
lose fiber filters on the list. Larger par- 
ticles do not penetrate the other media 
of the group. 

Table III shows the particle size 
analysis for unfiltered laboratory air and 
for the same air after passing through 
each of several cellulose fiber filters. In 
every case, the count peak is shifted in 
the direction of the smaller particles, as 
would be expected. No particles larger 
than 2 uw were observed to have passed 
any of the filters, Time did not permit all 


TABLE IV.—FILTERING EFFICIENCY? BY 
PARTICLE SIZE po EACH OF SEVERAL AIR 
SAMPLING MEDIA 


Flow rate, 20 linear ft per min. 


What-| What-/What-| What- MSA 
Particle Diameter, » | man | man | man | man “sg” 
No. 1| No. 4|No. 41|No. 42 


| 23° | 235] 99> | 4g> 

59 24 31 97 47 
i Eee 67 25 59 99 77 
92 77 74 99 92 
94 69 63 99 93 
| TES: 100 100 100 100 100 


® Efficiency for ey ~ retention in per cent by count. 
Particles above 0.4 » diameter collected by high-speed 
impactor. 
P smoke value used for particles below 0.4 u 
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particles contribute most. The weight 
contribution of a particle is measured by 
the cube of its diameter. 

All of the results reported have been on 
fresh samples of media. Allowance should 
be made for the fact that all filters im- 
prove in efficiency as they fill. As a 
practical matter, all of the media tested 
here will perform much better in use 
than the figures indicate. 
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crease in pressure drop with time. The 
kind of equipment that was used for this 
is shown in Fig. 5. It consists of separate 
test stations in which samples of filter 
materials may be mounted and operated 
over long periods of time. Each station 
has a sample holder that takes a 33-in. 
diameter disk of the medium and exposes 
a test area 3 in. in diameter. A calibrated 
orifice meter and control valve allows 


TABLE V.—LIFE TESTS—CHANGE OF PRESSURE pete ACROSS AIR SAMPLING MEDIA WITH OPERATING 


Figures show pressure drop in inches of water 


Mem- | AEC 
3 HV70 | 3s Whatman Chemical Filter Papers brane | Mineral 
Filters | Filters 
aie é 3 5 ust Load 
g o12| bed bed bed bd bd bd bed 
° ° ° ° ° ° ° ° ° = |2 
FLow RATE, 5 LINEAR FT PER MIN 
0 |0.72/0.72| 0.95} 1.05/0.95] 1.910.48] 7.0 |2.45]/0.35]0.5 | 8.5] 8.0] 9.5]0.35/5.4 |2.3 |0.7 10.17 
24 1.15) 1.2 | 5.2/0.80) 9.45/5.7 |1.2 |0.7510.7 |0.17 
48 |0.75)0.75) 1.2 | 1.25]1.0 | 6.2]1.15]11.0 |6.85]1.5 |1.65) ...] ...]0.8 [5.5 |2.6 
120 |0.85}0.8 | 1.4 | 1.4 |1.1 | 7.3/2.3 [12.8 |8.2 |2.15)/3.3 ..]1.8 10.8 10.7 |0.2 
192 | 1.55] 1.7 | 8.0/3.2 | ... |9.0 ..]2.6 10.9 |0.75/0.22 
288 |0.95}1.0 | 1.8 | 1.95/1.2 | 8.5/3.9 ...13.35]6.8 ..]3.15]6.4 |3.0 |0.85/0.25 
336 |1.00]1.05} 1.9 | 2.0 |1.2 | .../4.15 ..|3.45|6.7 [3.1 |1.2 10.85/0.25 ~ 
384 1.9 | 2.0 |1.25) ...}4.15] . ./4.0 ..|3.5 micrograms 
480 |1.05]1.1 | 1.95) 2.1 ...]4.25] . 4.3 ..}3.55]8.1 |1.35]0.85/0.25 per cubic 
meter 
Fiow RATE, 28 LINEAR FT 
MIN 
FT PER MIN 
{5.6 |6.15}11.0 |11.7 [7.0 8.1 |3.2 |4.75/1.2 
24 #6.35)11.5 |12.1 |7.15 8.2 |4.75}1.2 
48 |6.1 |6.6 |12.6 |14.2 8.5 13.2 18.3 |5.0 
72 |6.6 16.85) ... 7.6 8.55}3.3 | ...)5.25]1.25 
120 |7.0 |7.4 8.4 18.6 13.4 15.6 |1.35 
Lire TEsTs each sample to be run at a selected rate. 


In many air sampling applications, 
plugging rate of a filter medium is not 
a problem. But in those cases where it is 
desired to sample over a long period of 
time or to accumulate a sizeable quantity 
of particulate matter, the rate at which 
plugging occurs may become important. 
At times flow resistance or the develop- 
ment of flow resistance may even deter- 
mine the feasibility of taking the sample. 

A life test or plugging rat2 test consists 
of operating a filter sample at some se- 
lected flow rate and observing the in- 


The testers were arranged in two banks 
of twelve units each; all twelve stations 
in a bank flowed into a single manifold 
line that was connected to the intake 
port of a three-stage Spencer turbine 
blower. 

The flow rate tends to fall off, of 
course, as the filter fills with its accumu- 
lated dust load. This necessitates periodic 
adjustment of the valve to restore the 
proper rate. Pressure drop across each 
test specimen is measured with a U-tube 
water manometer. 
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It seems best to test all of the media 
at the same time so that there will be no 
question of varying dust conditions in the 
air. This brings up the matter of flow 
rate at which to run; for direct com- 
parisons, all should be run at the same 
rate. The very low rate of 5 linear ft per 
min was selected as a start with the 
intention of increasing the rate after the 
rapidly plugging samples had been re- 
moved. When pressure drop became too 
high for any manometer, that test was 
stopped. After 480 hr of running, the flow 
rate was stepped up to 28 linear ft per 
min for all surviving specimens except 
the membrane filters. Only seven speci- 
men filters were remaining 120 hr later. 
Atmospheric dust loading over the time 
period of the run was measured by weigh- 
ing the total dust load on a membrane 
filter. 

Table V includes life tests for the entire 
group of specimens. With one exception, 
the test specimens were flat disks. The 
exception, MSA type “S,” as mentioned 
before is a molded filter with concentric 
convolutions. A whole filter was used and 
air flow adjusted to allow for the greater 
area, estimated to be 75 sq in. 

It is interesting that the media that 
plug most rapidly are not necessarily the 
most efficient nor those with highest 
initial pressure drop. As a class, the 
chemical filter papers tend to plug most 
readily. High-efficiency papers show 
much better life. The membrane filters 
are very interesting: pressure drop is high 
initially but increases only a little as dust 
load accumulates. 

To the best of the authors’ knowledge, 
the rate at which a filter becomes loaded 
does not determine its life; regardless of 
time the pressure drop through a sam- 
pling filter is fixed by the amount of 
accumulated dust. Operating at low flow 
rate merely extends the time; dust load- 
ing in the air (assuming a constant dust 


composition) and the total amount of air 
passed are the controlling variables. In 
the life tests conducted at Arthur D. 
Little, Inc., very low flow rates were 
used. For this reason Table V gives a 
slow motion picture of plugging rates. 
Life for any other flow or dust loading 
can be estimated from the data given. 


DISCUSSION OF FILTER PROPERTIES 


For convenience of reference, Table VI 
contains some general information on the 
various filter media that have been dis- 
cussed. This table is not complete in any 
way. It contains some of the more ob- 
vious qualities along with a few measure- 
ments of our own. Values for ash content 
of the chemical papers were given by the 
manufacturers. Values for other media 
were determined at our laboratory. Very 
often some special property will deter- 
mine the suitability of a given material. 
Such properties are important and must 
be considered along with filtering per- 
formance when a sampling medium is 
being selected. 

Chemical filter papers appear to be used 
more widely than any other type of air 
assay medium. This may be because they 
are nearly always at hand in a laboratory. 
For those purposes where the filter must 
be destroyed to isolate or concentrate the 
dust, the low-ash chemical filter papers 
are particularly useful. 

High-surface reflectance of light from 
chemical papers have made them popu- 
lar for those test methods that are based 
on discoloration of the collecting surface. 

Although chemical filter papers prob- 
ably were never intended for air sam- 
pling work, they have proved to be most 
popular. Many kinds are available and 
data in the tables of this report show the 
range of performance characteristics that 
can be expected. There are some proper- 
ties inherent in paper and other fibrous 
media that are disadvantageous in some 
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cases. These are mentioned at the end of 
this discussion. 

Chemical papers in particular often 
are found to contain pinholes. When this 
occurs, it is likely that even some very 
large dust particles will penetrate. 

Unless an air filter medium is manu- 
factured especially for the purpose, its 
performance characteristics are likely to 
vary from lot to lot. Chemical filter 
papers are manufactured for chemical 
laboratory work. They are made and 
used primarily for wet filtrations. There- 


TABLE VII.—VARIATIONS IN DOP SMOKE 
PENETRATION AND PRESSURE DROP AT 28 FT 
PER MIN FOR VARIOUS SAMPLES OF CHEMICAL 
FILTER PAPERS. 


Reported 
Results Range 
(Table I) 
ilter Paper 5 4.8 
10.6 | 27.0 | 9.5-12.8)12 -28 5 
2.8 | 73.0 | 2.2- 2.8/72  -75 2 
No. 38.0 | 0.35/38 -45 | 0.008- 0.35) 1 
15.0} 8.0 -15 |8 -13 2 
2.0 | 75.0 | 2.0- 4.2/49 -75 
No. 41H..... 2.7 | 76.0 2.7 76 -82 1 
45.5 0.22/44 -55 0.05 - 0.9 
40.0} 0.5.40 -48 | 0.25-0.5 1 
48.5 | 0.9 48 -61 0.3 -1.2 2 


* Three samples tested in each box. 


fore it is not surprising that wide varia- 
tion in air filtration is often found for 
them. Table VII lists some experimental 
results that illustrate this point. 

The membrane filter is relatively new, 
but it holds great promise as an all-round 
assay medium (7, 8). It is highly efficient, 
may be obtained in white or black, and 
collects particles only on the surface; 
refractive index is such that the filter 
structure itself becomes invisible for oil 
immersion microscope viewing. The filter 
can be dissolved if need be or it may be 
destroyed in other ways. Because they 
are very delicate, the membranes must 
be handled carefully and supported dur- 
ing use, To generalize, there appear to 
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be more useful properties associated with 
membrane filters than with any other 
one medium. 

The felt-like papers CWS No. 6, AEC 
No. 1, and the AEC mineral fiber papers 
were designed for efficient air cleaning 
and serve that purpose effectively. They 
are not so well suited for most assay 
work. Dust particles penetrate the struc- 
ture so that they are buried and lost for 
some types of radioactivity measure- 
ments (a counts). These papers are so 
high in ash that they are not at all usable 
where the filter must be destroyed to 
perform analysis of the dust. If suitable 
precautions are taken, they may be used 
for gravimetric sampling on even the 
finest of dusts and fumes. 

HV 70 is a closely formed paper and 
has found use particularly in radioac- 
tivity monitoring. 

All-glass papers, like those developed 
by Naval Research Laboratories (10) and 
made to a limited extent by several paper 
companies, are to be recommended for 
high temperatures or in the presence of 
corrosive fumes or gases. In the series 
used by our laboratory, the Hurlbut glass 
paper serves as an example. These papers 
are made of very fine glass fibers and are 
the most efficient of fibrous filters. Some 
have resin or other binders that should be 
burned out before using the sheet in 
most kinds of test work. In gravimetric 
work care must be taken that loose fibers 
are not lost from the sheet. 

All fibrous filters, cellulose or glass, 
have water associated or adsorbed in 
their structures. The amount depends 
upon atmospheric humidity and will 
vary. In weighing the amount of dust 
load collected by such filters, it is very 
important to condition the filter at a 
known humidity level before every 
weighing and to weigh the filter in a 
closed container. 

Dust collected on a fibrous filter wil] 
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penetrate the filter body to some extent. 
For this reason it is very difficult, if not 
impossible, to make dust studies under 
the microscope on most paper filters. 


SUMMARY 


A group of atmospheric dust sample 
media has been studied for performance 
characteristics. The media were selected 
to represent those in use in a number of 
laboratories. Test methods used were di- 
octyl phthalate smoke penetration, at- 
mospheric dust penetration, efficiency 
by particle size, and plugging rate on 
atmospheric dust. A wide range of prop- 
erties was shown. 

The filtering properties have been dis- 
cussed and the suitability of the media 
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for various applications has been indi- 
cated. 

It has been demonstrated that effi- 
ciency measurements by the DOP smoke 
test follow very closely the results given 
by atmospheric dust counts. This sug- 
gests that the fast DOP method can be 
used to rate any filter medium on per 
cent of atmospheric dust penetration by 


The authors are indebted to the 
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DISCU 


Messrs. J. E. Yocom anp I. M. 
Sas.aw! (by letier).—We feel that this is 
an excellent piece of work and a valuable 
contribution to the standardization of 
air-pollution measurements, but we do 
have comments on specific points. 

Particle collection efficiencies were 
based entirely on an impactor. We feel 
that additional discussion of the use of 
this method would be helpful. In addi- 
tion, there is some question of an im- 
pactor’s efficiency on particles under 1 y, 
and there is always the possibility that 
the fracturing of larger particles can 
contribute to the number of smaller 
particles. 

The paper points out that most of the 
media tested were very efficient in col- 
lecting atmospheric dust on a weight 
basis—that essentially all particles 
greater than 2 pw were collected. How- 
ever, from Table III, showing the 
size analysis of typical atmospheric 
dust, it would appear that there are 
very few particles greater than 2 yu. 
It does not seem obvious that this 
small number of particles could con- 
tribute sufficient weight to show a high 
weight efficiency of collection and give a 
representative sample for chemical analy- 
sis. 

It would be helpful to have shown in 
Table II the over-all calculated filtering 
efficiency of each of the media on a 
weight basis as a guide in chosing a 


1 Battelle Memorial Institute, Columbus, Ohio. 
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medium for collection of a dust sample 
for quantitative analysis. 

There is some question as to the rela- 
tionship between Tables III and IV in 
the lowest two-size classes. With the data 
on particle-size distribution of unfiltered 
air in Table III and the percentage re- 
moved from each size range in Table IV, 
the particle-size distribution of dust in air 
filtered through each of the media shown 
can be calculated. These values should 
check exactly with the distribution shown 
in Table ITI. However, they do not check 
for the categories “below 0.4” and “0.4- 
0.6.” They are close in agreement for 
“0.6-0.8,” and they check very well for 
all ranges above. It is possible that some 
of the figures in categories 1 and 2 above 
have been transposed. 

Mr. W. J. SmitH (author's closure).— 
No detailed discussion was given on the 
impactor and its method of use because 
we felt that this information was well 
presented in the references indicated. 

The sonic velocity impactor has been 
shown (1) to have excellent efficiency of 
collection down to 0.2 » diameter. We 
realize that coliection is not one hundred 
per cent. However, since the same im- 
pactor is used before and after the test 
filter medium, collection efficiency for a 
given size of particle automatically can- 
cels out. 

Large particles are caught on one or 
another of the lower speed stages in the 
cascade impactor. Some of them may 
shatter on the plates, but the fragments 
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are held by the adhesive. In our experi- 
ence large particles have never been a 
source of any trouble. 

We would welcome further thoughts 
on how to collect and count the few 
particles that get through a good air 
filter. As it is, we must often run an 
impactor for hours to collect enough 
particles for a count. Collection of scarce 
particles is a real problem and we need 
some new ideas. 

It is true that atmospheric dust in a 
quiet area will contain few particles 
larger than 2 yw diameter. However, since 
weight collection of dust depends upon 
the cube of particle diameters, a few 
large particles quickly out-weigh the 
more numerous small particles. It is for 
this reason that we regard weight col- 
lection efficiency as an unsatisfactory 
way of rating efficiency filters. Very few 
chance large particles can make a tre- 
mendous difference and lead to very un- 
certain results. 

Because of our preference for count 
efficiency, we did not attempt to list 
weight efficiency values. Weight effi- 
ciency can be calculated from particle 
count and size distribution data such as 
is given in Table III. The calculation will 
show a high efficiency by weight for all 
of the media. 
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It is agreed that if all of the informa- 
tion in Tables ITI and IV was based on 
identical samples and if particle counting 
by size were an exact operation, the two 
tables should check exactly. Neither sup- 
position is true so that a discrepancy 
between the tables could exist and does. 

The calculation of particle size dis- 
tribution in filtered air based on data for 
unfiltered air and filtering efficiencies 
does not match reported particle size 
distribution. The differences are such as 
to suggest an accidental transposal. This 
would be a comfortable solution to the 
discrepancy, but our recheck has shown 
no such error. 

The reason for the discrepancy be- 
tween Tables III and IV is that filtering 
efficiency for particles below 0.4 wu was 
measured by DOP smoke (0.3 yu di- 
ameter) penetration (Table IT); all other 
observations were by. atmospheric par- 
ticle count. It is very difficult to estimate 
particle size in the 0.4 » range by micro- 
scope; DOP smoke penetration is simpler 
and more precise. However, the two sets 
of data were taken on separate sets of 
test samples. Chemical filter papers can 
vary in performance (Table VII) and the 
variation may help to explain the differ- 
ences noted. 
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INSTRUMENTATION AND ANALYTICAL TECHNIQUES FOR THE 


CONTINUOUS DETERMINATION OF AIR CONTAMINANTS*f 


By Morris Katz! anp GeorcE D. CLAyTon? 


SYNOPSIS 


This paper describes some instrumentation and analytical techniques which 
have proved useful in the study of air pollution with particular reference to 


the Governments of Canada and the United States to the International Joint 


Commission in 1949. 


the Windsor-Detroit area, under the terms of a joint reference submitted by 


The methods of study of the atmosphere which are discussed include the 


determination of: 


1. Aerosol contaminants by continuous paper filtration techniques followed _ 
by identification by chemical and spectrographic analysis; 
2. Recording optical methods for light transmission in the atmosphere as _ 


affected by air pollution; 


3. Gaseous and volatile contaminants such as sulfur dioxide, hydrogen 
sulfide, chlorides and fluorides, oxidant gases and ozone; 
4. Meteorological factors such as wind direction, velocity, rainfall, lapse 


rates, and : lar radiation. 


The complex contaminants, released to 
the atmosphere by the varied domestic 
and industrial activities of man may 
be dispersed rapidly by mixing with 
cleaner air or more slowly to form a haze 
or smog. The great variability in the 
degree of contamination of the atmos- 
phere is brought about by the interplay 
of meteorological and topographical fac- 
tors. These cause the pollution load to 
vary with the time of day and season of 
the year. Continuous instrumentation 
and analytical techniques are therefore 
necessary if it is desired to obtain an 
adequate picture of the variation in 
intensity of gaseous and aerosol con- 


* Presented at the Fifty-sixth Annual Meeting of the 
Society. June _28-July 3, 1953 


rt No. 130, Defence Research Chemical Labora- 
tories, Ottawa, Canada. 
1 Research Scientist, Defence Research Chemical 


Laboratories, Ottawa, Canada. 
2 Senior itary Engineer, U. S. Public Health Serv- 
ice, Washington, D. C. 
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taminants over a given city or industrial 
area. Intermittent samples collected over 
short periods of time may be useful in 
locating sources of pollution, but only a 
continuous technique will yield data 
truly representative of conditions which 
may form the basis of complaint. 
Substances which pollute the atmos- 
phere may be classified, simply, into 
(1) gases or vapor, (2) liquid droplets or 
solid particles under the general head- 
ing of particulate matter. The first group 
includes the true gases and compounds 
which have boiling points below about 
200 C. The more important gaseous pol- 
lutants, derived principally from indus- 
trial sources, are sulfur dioxide, hydrogen 
fluoride, hydrogen sulfide, organic sul- 
fides, and miscellaneous hydrocarbons 
which can undergo oxidation and poly- 
merization to “smog gases.” These smog 
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gases have been the subject of consider- 
able study in the Los Angeles. area 
(24, 30),* but there is no reason to believe 
that they may not occur in other indus- 
trial areas. It would appear that ozone 
and oxides of nitrogen, either of natural 
or industrial origin, play a part in the 
conversion of hydrocarbon waste prod- 
ucts to smog gases. 

The particulate contamination is usu- 
ally classified according to particle size 
into deposited matter (dustfall) and 
finely divided suspended matter (aero- 
sols). The fly ash, coarse dust, and dirt 
which consist of particles larger than 
about 10 yw in diameter settle out of the 
air fairly rapidly and constitute the 
major portion of the deposited matter. 
The finer particles ranging from about 
5 » down to 0.1 uw or less form suspensions 
in air which are mechanically stable. 
The smaller particles in this range ex- 
hibit Brownian movement and may be 
dispersed in the atmosphere by wind 
currents almost like a gas. 

The complex nature of atmospheric 
pollution in a number of industrial com- 
munities has recently been described by 
Cholak (5). He has discussed the range 
of variation in concentration of sus- 
pended matter, carbon dioxide, carbon 
monoxide, the halogens, sulfur com- 
pounds, ammonia, oxides of nitrogen, 
and a group of aldehydes. Katz (19, 20) 
and Clayton (6) have discussed the varied 
character of the gaseous and particulate 
pollution in the Detroit-Windsor area. 
Some of the unique aspects of the pollu- 
tion problem in the Los Angeles area 
have been reviewed recently by Littman, 
Magill, and their associates (24, 25) and 
by Shepherd (30). It is evident from these 
investigations that the successful solu- 
tion of the problem of instrumentation 
and analysis for the study of air pollu- 


3 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1156. 
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tion will require the use of all the newer 
techniques involving microanalysis, 
colorimetry, fluorometry, ultraviolet, 
visible and infrared spectroscopy, elec- 
trometric, and conductometric methods. 
The properties of aerosols may be in- 
fluenced and altered by the method of 
collection; therefore it is important to 
develop more fully those optical methods 
capable of measuring properties in situ, 
such as light scattering. Mass spectro- 
graphy has become an important tool in 
the identification of gases and vapors. 
The electron microscope and X-ray dif- 
fraction are proving of considerable value 
in identification of particulate matter. 
The various analytical methods which 
are likely to prove useful in a broad study 
of air pollution have been reviewed by 
Kingsley Kay (22), while Thomas has 
presented recently an excellent paper on 
the development of instrumentation for 
the continuous study of air pollution, 
including meteorological factors (36). 
Many of these developments have oc- 
curred within the past five years, as a 
stimulating aftermath of the air pollu- 
tion disaster at Donora, Pa., in October, 
1948, 


PARTICULATE MATTER 
Dustfall: 


The determination of particulate mat- 
ter on a continuous basis involves, in 
general methods, which distinguish be- 
tween coarse particles that settle rapidly 
and fine suspended particles. The coarse 
particulate matter is collected in a vari- 
ety of ways: on greased plates, trays, or 
petri dishes, or in dustfall cans or jars. 
Much useful information can be gained 
by dustfall jars distributed throughout 
the city area. In the Windsor region, 
dustfall cans at twenty stations have 
been employed to determine the total 
solids deposited in tons per square mile 
per month. The deposits have been ana- 
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lyzed chemically to determine the soluble 
and insoluble (in water) material, tar 
(soluble in CS,), combustible matter, 
and ash. The dissolved impurities have 
been analyzed for sulfates, chlorides, and 
lime (19, 20). This survey has been used 
in conjunction with area sampling of sus- 
pended matter to delineate districts of 
high and low pollution. An important 
improvement in this type of collector is 
the recent development of a directional 
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usually considered to be of greater im- 
portance. Particles in the range of about 
2 » to less than 0.3 yw consisting of soot 
and tarry material, metallurgical and 
chemical dusts and fumes, are mainly 
responsible for soiling of textiles and 
walls, and form a haze which reduces 
visibility. They can be readily inhaled 
into the lungs and are therefore of con- 
siderable interest in any study of the 
effects of air contaminants on health. 


130 

S25 

120 

BS us 

o # 

3 110 

05 

28 95 

3% 

§ 85 

so 

= 80 

2 75 

8 

~ 2 4 6 8 10 Noon 14 16 18 20 22 Midnight 
AM Time of Day P.M 


Fic. 1.—The Daily Variation of Suspended Particulate Matter in Downtown Windsor, as 
Determined by the Owens Automatic Paper Filtration Apparatus. 


dustfall instrument by Munger of the 
Battelle Memorial Inst. This is described 
by Thomas (36) as operated by a wind 
vane controlled by the wind direction so 
as to move a slotted cover containing 
openings for eight glass jars, correspond- 
ing to eight points of the compass. A 
ninth jar is included for calm air condi- 
tions. 


Suspended Particulate Matter: 


Although coarse particles of fly ash 
and dusts constitute a nuisance in many 
cities and industrial areas by settling 
on lawns, parks, and buildings, the fine 
particles below 5 to 10 yu in size are 


The methods for the continuous in- 
strumentation study of fine aerosols are 
mainly: 

(a) The continuous collection by pa- 

per or membrane filtration methods, 

(6) The measurement of the light scat- 

tering properties of fine particles, and 

(c) The measurement of visibility. 
Such instruments yield valuable infor- 
mation either directly or indirectly on 
the variation in intensity of fine particu- 
late pollution, especially if supplemented 
by tests on the particle size distribution 
of the aerosols and chemical analysis of 
collected material. 

Owens Recorder—One of the oldest 
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instruments for the continuous measure- 
ment of suspended particulate matter 
was developed by Owens (27) in England 
many years ago. It has been used for the 
continuous determination of smoke con- 
centrations in the air of a number of 
cities in Great Britain for over twenty 
years (8, 27). Thisinstrument was used by 
Davidson (7) in a study of smoke condi- 
tions in New York City. More recently 
a modified form of this equipment has 
been used by Katz in the Windsor- 
Detroit study. A fairly complete descrip- 
tion of the original instrument and the 
modifications made by Katz were pre- 
sented by Thomas (35). The original 
instrument draws a measured volume of 
air (125 to 300 cu cm per min) through a 
small circular area (} in. diameter) on 
the periphery of a filter paper disk. The 
paper is shifted to a new position every 
15 min. In the modified form the sam- 
pling rate is 1 liter per min and the sam- 
pling time is 30 to 45 min. The spots are 
compared with standard shades of color 
in shade numbers from zero to 25.0. 
These shades are calibrated in terms of 
mass concentration in mg per cu m. 
There is no doubt that useful informa- 
tion may be obtained by the Owens 
atmospheric pollution recorder. The di- 
urnal variation of fine particulate pollu- 
tion during the period February 26 to 
June 26, 1952, at Windsor, Ont., is 
illustrated in Fig. 1. The daily cycle 
shows a morning rise to a peak concen- 
tration at about 7.00 to 8.00 am and an 
afternoon minimum at about 3.00 to 4.00 
pm. The concentration increases, there- 
after, in a fairly regular manner through- 
out the night until the early morning 
maximum is attained. This cycle of par- 
ticulate pollution follows the diurnal 
pattern of turbulence and temperature 
lapse rate in the Windsor area more 
closely than the sulfur dioxide pollution. 
Autosampler.—An automatic filtration 


apparatus, designed by Hall (14) has 
been used recently in the study of aero- 
sols in the Los Angeles area. This “auto- 
sampler” collects fine particulate matter 
by continuous filtration through What- 
man No. 52 paper. A 25 cu ft volume of 
air is drawn at a uniform rate through a 
1-sq in. area of filter paper during 1 hr. 
This cycle is repeated every hour on a 
fresh area of paper. At the same time a 
parallel air stream collects a 24-hr sam- 
ple of the aerosols on an asbestos pad in 
a sufficient quantity to be weighable. 
The hourly spots or stains are evaluated 
by measurement of the reflectance in a 
Beckman DU spectrophotometer at a 
wavelength of 400 m yw. For comparison 
with similar samples of other volumes 
and areas, these readings are converted 
into a scale designated as K, values—the 
mass equivalents of the deposit per cubic 
meter. 

A model of the Hall instrument ob- 
tained from the Chaney Chemical Lab- 
oratory has been operated in the Windsor 
area simultaneously with the modified 
Owens instrument for purposes of com- 
parison. The results of a series of runs 
are indicated in Table I. When the level 
of particulate pollution was not too high, 
the average concentration in mg per 
cu m obtained by the Owens sampler 
agreed fairly well with the 24-hr sample 
collected by the autosampler. At higher 
aerosol concentrations the Owens values 
tended to rise considerably above those 
of the Hall instrument. This was prob- 
ably due to the small size of the spots 
obtained by the Owens method and the 
difficulty encountered in accurate evalu- 
ation of such small stains by color com- 
parison when the mass of deposit was 
considerable. 

Various simpler models of continuous 
filtration apparatus operating on the 
above principle have been constructed by 
Hemeon of the Mellon Institute (15), 
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Von Brand,‘ and Wilson.‘ The intensity 
»f the spots which are usually about 1 in. 


TABLE I.—DUST CONCENTRATIONS. 


Chaney 
al Autosampler Owens 
Filter 
Time (Shade 
Trans-| optical | Scale)» ms 
mission,| | Per cum 
per cent 
WEIGHT A.M., FEB. 16, 1953 To 11 A.m., FEB. 17, 
1953. CONCENTRATION 0.241 MG PER CU M 
Feb. 16 
1100 Speen 74.5 0.128 0.471 
1200 76.5 0.117 0.248 
1300 “Sane 78.3 0.106 0.198 
1400 No. 4... 78.2 0.107 0.248 
1500 83.2 -085 0.248 
1 No. 6... 73.6 0.133 0.397 
1700 74.7 0.127 0.397 
1800 = See 82.7 -083 0.148 
1900 85.0 0.071 0. 
2000 No. 10 71.6 0.145 0.471 
2100 No. 11. 80.8 0.093 0.297 
2200 82.2 0.086 0.198 
85.0 0.071 0.198 
Feb. 17 
82.0 0.086 0.248 
0100 86.8 0.062 0.099 
0200 87.2 0.060 0.099 
0300 88.3 0.054 0.099 
0400 86.3 0.064 0.198 
0500 87.4 0.059 0.198 
0600 87.5 0.058 0.099 
0700 86.6 0.063 0.148 
0800 86.2 0.065 0.099 
0900 83.9 0.077 0.148 
1000 88.3 0.054 0.075 
Average..... 0.086 0.221 


eet 4 M., Fes. 17, 1953 TO 11 a.m., Fes. 18, 
53. CONCENTRATION 0.254 MG PER CU M 


78.5 0.105 0.198 
79.8 0.098 0.198 
87.6 0.057 0.075 
84.4 0.074 0.075 
85.2 0.069 0.148 
86.3 0.064 0.075 
89.8 0.046 0.050 
86.0 0.065 0.148 
86.0 0.065 0.148 
84.8 0.071 0.148 
82.8 0.082 0.248 
80.3 0.095 0.248 
77.5 0.110 0.297 
77.8 0.109 0.297 
78.0 0.108 0.297 
76.0 0.119 0.297 
78.0 0.108 0.297 
77.0 0.113 
78.8 0.103 0.397 
76.0 0.119 0.347 
74.0 0.130 0.471 
75.5 0.122 0.471 
76.4 0.117 0.342 
79.0 0.198 
0.094 0.240 
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TABLE I.—Continued 


Chaney 
Autosampler Owens 
Filter 
salons 
le), 
Optical | ‘per am 
per cent Density 
WEIGHT A.M., FEB. 18, 1953 T0 11 FEB. 19 
53. CONCENTRATION 0.342 MG PER CU M 

0.095 0.322 

0.104 0.213 

0.111 0.322 

0.084 0.213 

0.090 0.268 

0.125 0.322 

0.098 0.213 

0.103 0.322 

0.119 0.322 

0.142 0.370 

0.118 0.417 

0.130 0.417 

0.111 0.322 

0.118 0.370 

0.106 0.213 

0.102 0.322 

0.114 0.315 

0.140 0. 

0.175 0.990 

0.188 0.990 

0.1 0.834 

0.122 0.405 


in diameter are evaluated by transmission 
‘or reflectance measurements. It has been 
found that the reflectance is almost a 
linear function of the amount of aerosol 
deposited in a given location in the range 
of 100 to about 50 per cent. Recently 
Hemeon (16) proposed a scale of trans- 
mission units called “Coh” units in 
which the concentration of the deposit 
would be expressed as a certain number 
of “Coh” units per 1000 linear feet of air 
sampled. Hall has shown that a linear 
relationship exists between this scale and 
the Hall K,, value.5 

Considerable discussion has arisen be- 
tween proponents of either transmission 
or reflectance as the best method of 
evaluating the intensity of the stains. 
The diffuse reflectance and transmission 
results of a number of samples from the 
Hall-Chaney autosampler are shown in 


* Private communication, 1952. 
5 Private communication, 1953. 
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TABLE II.—COMPARISON OF REFLECTAN 
‘<> READINGS PARTICU- 

LATE MATTER S LES COLLECTED BY HALL- 
CHANEY AUTOSAMPLE R. 


* Transmission 
Filter Diffuse |" as Optical | Ri X 0.54 
Reflectance Density 
Fes. 16-17, 1953 

0.128 0.127 
106 0.097 
0.107 0.111 
“085 097 
0.127 0.130 
0.083 0.096 
0.071 0.083 
0.093 0.097 
0.086 0.099 
| 9.071 0.082 
0.086 0.092 
0.962 0.073 
0.060 0.069 
0.054 0.068 
0.064 0.073 
0.059 0.066 
0.058 0.068 
0.063 0.072 
0.065 0.076 
0.054 0.066 

Fen. 17-18, 1953 
0.110 0.064 0.059 
0.090 0.046 0.049 
0.115 0.065 0.062 
0.122 0.065 0.066 
0.120 0.071 0.065 
0.160 0.082 0.086 
0.169 0.095 0.091 
0.210 0.109 0.113 
0.195 0.108 0.105 
0.190 0.119 0.103 
0.205 0.108 0.111 
0.186 0.103 0.100 
0.208 0.119 0.112 
0.265 0.130 0.143 
0.195 0.122 0.105 
0.208 0.117 0.112 
0.182 0.102 0.098 

Fes. 18-19, 1953 
0.172 0.095 0.093 
0.186 0.104 0.100 
0.168 0.111 0.091 
0.155 0.084 0.084 
0.160 0.090 0.086 
0.211 0.125 0.114 
0.175 0.098 0.095 
0.190 0.103 0.103 
0.191 0.119 0.103 
0.241 0.142 0.130 
0.236 0.118 0.127 
0.223 0.130 0.120 
0.183 0.111 0.099 
0.191 0.118 0.103 
0.194 0.106 0.105 
0.180 0.102 0.097 
0.195 0.114 0.105 
0.270 0.140 0.146 
0.325 0.175 0.176 
0.356 0.188 0.192 


Table II. The reflectance was deter- 
mined in a Beckman spectrophotometer 
at a constant wavelength of 400 m yu with 
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the light reflected at angles between 35 
and 55 deg, and the readings taken on 
the density scale. The transmission re- 
sults are in fairly good agreement with 
those for reflectance over the density 
range available. However, both Wilson 
and Hall recommended the use of the 
reflectance method. Hall’ in a recent 
communication has stressed the im- 
portance of a monochromatic light source 
at 400 m y» in measurements of this type. 


Fic. 2.—The High Volume Air Sampler. 


High Volume Sampler.—The high vol- 
ume air sampler has been used exten- 
sively to collect fine particulate matter 
in the Windsor-Detroit investigation. 
This sampler is shown in Fig. 2. It con- 
sists of an Electrolux blower mounted in 
an aluminum housing, a filter paper re- 
taining ring located on the intake side of 
the blower, and a U-tube manometer 
located on the exhaust side. The manom- 
eter was calibrated with a dry gas meter 
to obtain the air flow in cubic feet per 
minute. The filter used was an accordion 
pleated paper (type S, unimpregnated) 
secured from the Mines Safety Appli- 
ances Co. The rate of flow through the 
average clean filter was about 65 cu ft 
per min. This flow decreased as the 
deposit of particulate matter built up on 
the paper, and in areas of high pollution 
loading would be reduced to approxi- 
mately 25 cu ft per min at the end of a 
24-hr sampling period. However, suffi- 
cient material could be collected over a 
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24-hr period not only for determination Daily samples (24 hr) have been col- whi 
of the concentration on a weight basis lected for considerable periods at 25 Cla 
but also for chemical analysis. Silverman _ stations in the Windsor area and 31 sta- _ 
1000 
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Fic. 3.—Weights of Total Particulate Matter for Daily Air Samples Collected at Station No. 19 
oy with Corresponding Averages for All Stations in the Detroit Area, May 7 Through June 3 
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Fic. 4.—Weights of Total Particulate Matter for Daily Air Samples Collected at Station No. 20 
Compared with Corresponding Averages for All Stations in the Detroit Area, May 7 Through June 
17, 1951. 
and Viles (31) have reported collection tions in the Detroit area. The methods of 
efficiencies of 68 per cent for tobacco weighing and spectrographic analysis are 
smoke and 99 per cent for certain other described in a paper by Keenan and 
dust and fumes when collected on these Byers (23). Some of the results for Wind- 
filters at a flow rate of 60cu ft per min. sor have been presented by Katz else- 


where (20, 21). The results obtained by 
Clayton for the Detroit area in a repre- 
sentative run from May 7 to June 17, 
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Fic. 5.—Distribution of Ca, Mg, Al, Fe, Pb, 
and Si in 24 Elements of Fine Particulate Mat- 
ter at Sampling Stations in Detroit Area. 


1951, are illustrated in Figs. 3 and 4. 
They show the daily variations in the 
average for 31 stations compared with 
station 19, which showed fluctuations 
generally higher than the average of all 
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stations, and station 20, which followed 
the average daily variations at all sta- 
tions fairly closely. 

A considerable number of samples col- 
lected as above were analyzed spectro- 
graphically for 24 elements. The main 
contribution to the inorganic fraction of 
the particulate matter was due to six 
elements, namely, calcium, aluminum, 
iron, silicon, magnesium, and lead. The 
average contribution in per cent of these 
six elements to the total weight of the 
24 elements at each of the 31 sampling 
stations over the above test period in the 
Detroit area is shown in Fig. 5. 

Samples collected with the high vol- 
ume sampler were also analyzed chem- 
ically for chlorides, fluorides, and sulfur. 
The chlorides were determined by the 
method of Caldwell and Mayer (2), and 
fluorides by the method of Talvitie (35). 
The high volume samples probably yield 
solid chlorides and fluorides only. Sam- 
ples for these compounds were also col- 
lected with the standard impinger. The 
data in Table III indicate that the aver- 
age value for chlorides in the Detroit 
area collected by the standard impinger 
was approximately six times the average 
value for samples collected with the high 
volume air samplers. In the case of 
fluorides there was approximately a 
sevenfold increase in the average value 
obtained with the impinger to the aver- 
age value obtained with the high volume 
air sampler. The difference between the 
values obtained by these two methods is 
probably due to the gaseous fluorides and 
chlorides present in the atmosphere. 

Size Distribution —The particle size 
distribution of the air-borne particulates 
in the Detroit area is indicated by the 
cumulative curves shown in Fig. 6 for 
nine standard impinger samples and 
twelve thermal precipitator samples. 
With the standard impinger 87 per cent 
of the samples were less than 2 y in size. 
With the thermal precipitator, 83.9 per 
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cent of the samples were below 2 yu in 
size. The thermal precipitator demon- 
strated a greater collection efficiency 
than the standard impinger in the size 
below 0.50 

It is evident from a consideration of 
the nature of the deposit produced when 
polluted air is drawn through filter paper 


large dust particles. In order to provide 
some test for this hypothesis, the particle 
size distribution of the dust collected on 
some Owens filter samples in the Windsor 
area was determined and an estimate 
made of the mass concentration from 
the number count. 

The most convenient method of count- 


TABLE _III.—RELATIONSHIP OF CHLORIDE AND FLUORIDE VALUES OBTAINED WITH THE 


STANDARD IMPING 


ER TO CHLORIDE AND FLUORIDE VALUES OBTAINED WITH THE HIGH VOLUME 


AIR SAMPLER. 
All values are given in micrograms per cubic meter of air. 
CHLORIDES FLUORIDES 
Station 

Filter Paper) . Number of | Number of | Filter Paper . Number of | Number of 
Samples impinges Filter Paper| Samples Filter Paper 
Average P Samples | Average P Samp Samples 

1.34 8.82 2 6 0.17 0.15 2 6 
1.41 2.94 1 5 0.13 0.39 1 5 
0.80 ane 0 6 0.09 2.45 1 6 
1.32 oe 0 6 0.15 0.86 2 6 
0.95 5.88 1 6 0.07 1.51 3 6 
1.01 10.13 2 6 0.09 0.10 1 6 
1.29 7.84 3 6 0.17 0.57 4 6 
1.24 5.88 1 6 0.08 0.10 1 6 
1.21 2.94 1 6 0.07 2.42 2 6 
1.12 11.90 1 6 0.11 0.68 1 6 
1.11 2.94 1 6 0.11 0.38 1 6 
0.39 ma 0 5 0.06 1.21 2 5 
1.00 2.94 2 6 0.07 0.29 2 6 
1.09 ee 0 6 0.24 sisi 0 6 
174 5.88 2 6 0.27 1.04 3 6 
1.02 17.64 1 6 0.17 0.00 1 6 
0.85 2.65 2 6 0.10 1.61 2 6 
0.71 ee 0 6 0.07 3.47 1 6 
2.18 5.88 1 6 0.40 0.50 2 6 
1.36 4.83 1 6 0.27 2.84 2 6 
0.92 nee 0 5 0.08 ee 0 5 
0.69 ous 0 6 0.07 nae 0 6 
0.46 2.94 2 6 0.09 0.10 2 6 
0.69 2.94 2 6 0.11 0.24 2 6 
0.91 8.82 1 5 0.06 0.10 1 5 
1.53 — 0 6 0.10 0.10 1 6 
0.39 3.45 2 6 0.05 0.00 1 6 
0.53 7.35 2 6 0.05 0.10 1 6 
0.51 0 6 0.05 0 6 
1.08 — 0 5 0.13 1.94 2 5 
1.18 2.94 1 6 0.09 0.46 3 6 
1.03 6.07 | | 0.12 | 0 


®@ Where more than one sample is indicated the average of the samples was used. 


that the intensity of the stain or spot 
produced must bear some relation to the 
mass concentration of the particulate 
matter in unit volume of air. This con- 
sideration is valid only if the sample of 
particulate matter is truly representative 
of the general pollution in the area which 
gives rise to haze or reduced visibility 
and if the sampling station is not too 
close to some local source of fly ash or 


ing particles embedded in filter paper is 
with the stereoscopic microscope. This, 
however, has a limit of resolution of ap- 
proximately 1.0 uw, thus preventing the 
inclusion of a large number of very small 
particles. To overcome this restriction, 
a number of fibers were carefully ex- 
tracted from a test stain, and all the 
particles on these were counted with 
both the high-power monocular and the 


Mm wm 


ah ah 


i 


or Oo 


stereoscopic microscopes. By a compari- 
son of distribution, a correction could be 
applied to the second count to include 
particles down to approximately 0.5 uy. 

Two test stains of concentrations, 
0.065 and 0.120 mg per cu m, were se- 
lected from the Owens filter samples and 
the excess filter paper carefully pared off 
to increase the transparency. Higher con- 
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Fic. 6.—Particle Size Distribution of Sus- 
pended Particulate Pollution in Detroit Area. 


centrations could not be counted because 
of the superposition of particles. Counts 
were made on these under the stereo- 
scopic microscope utilizing a Whipple 
disk. 

The probability distribution of sizes of 
particulates is a skewed curve which can 
be normalized by expressing the sizes as 
logarithms. It was observed that the 
curves for the fibers fell off more rapidly 
for large sizes than did those for the 
stains. This may have been due to the 
loss of some of the larger particles when 
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single fibers were extracted from the filter 
paper. 

By weighting the size frequency for 
each class in terms of the cube of the 
average size value representing that class, 
plotting in the same manner as the size- 
count analysis the size mass distribution 
is obtained. 

Assuming a density of 1.0 for the 
particulate matter, the concentration 
may also be obtained. The mass factor 
was calculated on the assumption of 
spherical particles and is in units of 10-° 
mg. 


Totat NUMBERS AND MAss OF PARTICULATES 
COLLECTED 


Diameter of stain....... 3.14 mm 


Area of stain........... = 7.744 sq mm 
Area counted........... = 0.56 sq mm 


Total number of particles 


= 806 X 13.83 = 
11,147 
Total mass of particles 
= 119,416 X 13.83 
X mg 


1.6515 X 10-3 mg 


Concentration.......... 0.055 mg per cu m 
Concentration estimated 
from shade scale...... = 0.065 mg per cum 
Total number of particles 
= 1345 X 13.83 = 
18,601 


Total mass of particles 


@ xX OR 
X mg 
= 4.327 X 10°? mg 
Concentration.......... = 0.144 mg per cum 
Concentration estimated 
from shade scale...... = 0.120 mg percum 


Hall’s K,, values for a number of 
Owens filter paper samples were calcu- 
lated after obtaining the transmission 
and density readings for the stains, as 
shown in Table IV. Differences in con- 
centration between samples which cannot 
be detected by means of the Owens shade 
scale become apparent when the spots 
are evaluated by a more accurate op- 
tical technique. 

Sulfuric Acid Aerosol Analyzers.—The 
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Stanford Research Inst has developed a 
continuous aerosol analyzer in which the 
particles are deposited by an electrostatic 
precipitator on a rotating disk of stain- 
less steel which dips into a stream of 
water (1, 29). This instrument is used to 
measure sulfuric acid aerosol continuously 
in a conductivity cell of small volume. 


cally washed off with a measured volume 
of water. The acid aerosol concentration 
is determined by recording the conduc- 
tivity of the resulting solution, even in 
the presence of sulfur dioxide of a hun- 
dredfold concentration. 

Light Scattering Instruments.—A recent 
paper by Sinclair (33) describes the design 


TABLE IV.—Km READINGS FOR OWENS FILTER PAPER SAMPLE. 


PHOTOMETER READINGS 


Concentra-| Trans- Carbon 
Samples tion (from | mission | Log 100/T (—0.037) Ku 
shade scale)} Reading | per cu m 
No. 1 Clean filter A 0.0 92.5 0.034 —0.003 
No. 2 Jan. 1952 1300 0.088 54.0 0.268 0.231 5.45 0.057 
No. 3 Jan. 23 1952 1330 0.088 51.0 0.293 0.256 6.04 
No. 4 Jan. 23 1952 1400 0.120 45.0 0.347 0.310 7.32 0.076 
No. 5 Jan. 23 1952 1430 0.120 43.0 0.367 0.330 7.79 
No. 6 Jan. 22 1952 1000 0.150 35.0 0.456 0.419 9.89 0.107 
No. 7 Jan. 22 1953 1030 0.153 30.0 0.523 | 0.486 11.47 
No. 8 Jan. 22 1952 1330.. 0.210 25.0 0.602 0.565 13.33 0.131 
No. 9 Jan. 22 1952 1400.. 0.210 26.0 0.585 0.548 12.93 
No. 10 Clean filter B 0.0 91.0 0.041 | +0.004 | 
DENSITOMETER READINGS OF SAME SAMPLES 
Reading (X 0.04) Density (—2.69) Ka ‘ation,? mg per cum 
66.5 2.66 —0.03 
70.5 2.82 0.13 3.1 0.041 
72.5 2.90 0.21 5.0 
74.5 2.98 0.29 6.8 0.073 
75.5 3.02 0.33 7.8 
77.2 3.09 0.40 9.4 0.105 
79.5 3.18 0.49 11.6 
81.8 3.27 0.58 13.7 0.131 
80.6 3.22 0.53 12.5 
68.0 2.72 +0.03 


Km = that deposit which produces an optical density of 0.1 when the deposit area is 1 sq cm and the volume of air 


sampled isicum. 
rea of test spot (diameter 0.3 cm) = 0.0707 sq cm. 
Volume of air sampled = 30 litres = 0.03 cu m. 


0.0707 


Km = DeX 0X = 23.6 X De 
* According to Hall (14) the carbon content for the Los Angeles district is approximately equal to 10 micrograms 


per cubic metre for unit Km (based on reflectance measurem 


ents). 
These readings have been taken beyond the range of linearity which is 0.05 to 0.3 in optical density. 


The instrument would be useful for other 
types of aerosols that are soluble in water 
and form an electrolyte. 

Thomas (36) has used an impactor type 
analyzer for several years. It consists of 
a glass impactor with a slit 0.125 x 8 
mm communicating with a conductivity 
cell. Suction is applied to maintain about 
0.3 atmosphere pressure at the slit. The 
acid is collected by impaction at sonic 
velocity on a glass surface and is periodi- 


and preliminary calibration of a light 
scattering instrument for the measure- 
ment of the mass concentration or dust 
loading of the atmosphere. It is designed 
to operate a recording potentiometer for 
continuous outdoor measurement wher- 
ever 60 cycle AC is available. In instru- 
ments of this type, according to Sinclair, 
the aerosol concentration is commonly 
measured by three methods: (1) trans- 
mission, (2) right-angle scattering, and 
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(3) forward scattering. Of these, forward 
scattering is the most practical method 
to provide a sufficiently sensitive instru- 
ment, with a small light path, for most 
atmospheric aerosols. Other develop- 
ments in this field have been described by 
Gucker ef al, (12, 13), Sinclair and La Mer 
(32). O’Konski, who has been associated 
with Gucker for many years in research 
on measurement of aerosols by light- 
scattering methods, is planning to build 
- a model for general outdoor pollution 
work in the near future in California. It 
must be understood that light-scattering 
measurements per se caunot distinguish 
quantitatively between concentration 
and particle size when there is present a 
considerable range of sizes. Ordinarily the 
particle size range of suspended matter 
in the atmosphere may vary as much as 
a hundredfold or more. However, much 
useful information can be obtained by 
the measurements if supplemented by 
other collection methods such as filtra- 
tion and dustfall. 

Visibility Meters—A number of cam- 
eras or photoelectric photometers have 
been developed which measure the ap- 
parent contrast ratio for black targets 
against the horizon sky. In the Steffans 
camera (34), photographs are obtained of 
black targets at various distances and the 
visibility is then computed from the 
relative density of the images. The 
Chaney instrument (4) is a recording 
visibility meter which utilizes two black 
targets at different distances from a 
photoelectric photometer. The two tar- 
gets are viewed in turn through different 
apertures varied by a slow-speed motor- 
driven diaphragm. The visual range may 
be calculated from the chart readings. 
More recently Marynowski and Littman 
(26) of the Stanford Research Inst. have 
described a continuous recording visi- 
bility meter which consists of a photo- 
electric photometer aimed at a dark 
target, a photovoltaic cell exposed to an 
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artificial horizon and a modified Leeds 
& Northrup “Micromax’’ recorder. In 
practice, the dark target is a black gas 
holder located 1000 ft away in a nearly 
southerly direction so that its face is 
not illuminated by direct sunlight. 
Most visibility instruments can be 
operated in daylight only. However, the 
transmissometer records visibility con- 
tinuously day or night, an important 
factor in air pollution studies. The Trans- 
missometer has been operated experi- 
mentally in Detroit for the past ten 
months. The instrument was developed 
by C. A. Douglas (9) of the National 
Bureau of Standards and is an electronic 
device which measures accurately and 
continuously the light transmission be- 
tween two fixed points. The instrument 
was designed to aid in flying safety 
through eliminating or reducing the 
human factor in visual estimations. 
The transmissometer consists of a 
350,000 candle power light source, a 
phototube receiver, an amplifier, and an 
indicator. The distance between the 
points of transmission and reception is 
about 800 ft. The output of the receiver 
is transmitted to the indicator and the 
recorder which may be located several 
miles from the actual site of the testing. 
The intensity of the light is controlled 
by rheostats and an automatic cutoff is 
made hourly for zero checks. Zero checks 
may also be made at the recorder as indi- 
cated or desired. The expected service 
life of a lamp is from three to six months. 
The receiver unit consists of a lens, a 
diaphragm, a photo-pulse unit, and an 
amplifier. These are shown in the photo- 
graph, Fig. 7. The light focused by means 
of the lens, on a pinhole in the dia- 
phragm, strikes the phototube receiver 
and there generates pulses whose fre- 
quency is directly proportional to the 
intensity of the light on the phototube. 
These pulses are amplied and transmitted 
to the indicator. 
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In the pulse generator unit a phototube 
sets up a current which charges a capaci- 
tor with sufficient voltage across it to 


plies a voltage pulse to the grid of a 6J5 
tube causing a momentary change in the 
plate current of the tube. The resulting 


Fic. 7.—Receiver Unit of Transmissom eter Showing Long Brass Tube Containing Lens and 
Diaphragm, Photo-pulse Unit and Chart Recorder. 


Heavy Rain 


Fic. 8.—Sample Chart Record of Transmissometer Showing Effect of a Short Period of Heavy 
RainfaJl. Ordinates Represent Transmission Units, Abscissae Represent Time in Hours. 


cause a discharge through a neon lamp. 
The capacitator rapidly discharges 
through the neon lamp and a resistor un- 
til the voltage is no longer sufficient 
to maintain a current through the lamp. 
The voltage drop across the resistor sup- 


momentary change in voltage drop across 
a transformer when amplified supplies 
the pulse signal which is received at the 
indicator. 

The indicator consists of a frequency 
measuring unit, a 2-stage amplifier, and 
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a calibrator. The frequency unit levels 
and averages the pulses which are re- 
ceived through the amplifier and pro- 
duces a meter reading which is directly 
proportional to the pulse frequency and 
therefore to the transmission of the at- 
mosphere between the receiver and the 
light source. 

A recorder connected to the indicator 
gives a continuous record of the indicator 
meter reading on chart paper marked to 
show percentage of light transmission by 
time of day. A sample chart record is 
shown in Fig. 8. 

In the original test work on this instru- 
ment, nearly 3000 simultaneous observa- 
tions of the visual range and transmis- 
someter readings were made. These data 
were used to plot curves for transmission 
and visual range for settings of varying 
distances between the fixed points. From 
these curves calibration of the trans- 
missometer for any distance up to 13 km 
can be made. 

The instrument was operated at fixed 
points 250 m apart at an elevation of 
approximately 125 ft above the ground. 
Little distortion of light due to heat 
radiation was noted and the instrument 
proved to be extremely sensitive to even 
minor variations in light transmission. 
With experience in viewing the charts, 
smoke clouds and meteorological phe- 
nomena can be recognized. 

Tests are now being conducted to de- 
termine the usefulness of this instrument 
in the field of air pollution research. It is 
the ultimate desire to calibrate this in- 
strument in terms of suspended particu- 
late matter. This will eliminate the 
tedious and costly laboratory and field 
techniques currently in practice. In the 
evaluation of the instrument, considera- 
tion is given to the separation of natural 
versus industrial air pollutants, that is, 
fog particles versus visibility-reducing 
contaminants. 


On Continuous DETERMINATION OF AIR CONTAMINANTS 


GASES 


It is beyond the scope of this paper to 
deal with continuous instrumentation 
and analytical techniques for all the gase- 
ous compounds likely to be found in the 
polluted air of cities or industrial areas. 
Only a brief outline of some of the more 
important practical methods dealing with 
sulfur dioxide, hydrogen sulfide and other 
sulfur-containing gases, hydrogen fluo- 
ride, and “‘smog gases” will be attempted 
here. 


Sulfur Dioxide: 


Thomas (40, 41) of the American Smelt- 
ing and Refining Co. has pioneered the 
development of various types of continu- 
ous analyzers for the determination of 
low concentrations of sulfur dioxide. The 
Thomas autometer absorbs the gas in 
slightly acidulated (0.00002 1) distilled 
water containing hydrogen peroxide 
(0.002 M) and measures the electrolytic 
conductivity of the resulting sulfuric acid 
solution. A continuous record of the con- 
ductivity is obtained by means of a 
recording Wheatstone bridge galvanome- 
ter. The volume flow of air through the 
absorbers is also recorded. Both “‘ac- 
cumulating” and “instantaneous” types 
of instruments are available. In the for- 
mer type, the trace record indicates the 
total change in conductivity over a 
sampling cycle of 30 min, which is a 
measure of the average concentration. 
Any variations in the shape of the con- 
ductivity curve indicate variable concen- 
trations during the sampling period, so 
that short-period peaks can also be 
evaluated from the trace. The gas is 
absorbed in glass scrubbers of the bub- 
bling type, with the electrodes placed 
below the bubbler so that gas bubbles in 
the solution do not reach them. 

In the instantaneous type of analyzer, 
a regulated flow of solution passes down 
along a metal spiral wire on the inside 
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wall of a long glass tube, countercurrent 
to the air stream. The ratio of gas flow 
to liquid volume may be as high as 5000 
to 1. The liquid after absorbing the sulfur 
dioxide flows through a small conduc- 
tivity cell, volume about 0.3 ml. This pro- 
vides a continuous short-period record of 
the concentration or a 1- to 2-min aver- 
age. The average concentration over a 
30-min period is also indicated by means 
of an accumulating cell. 
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lime dust. Some of the limitations of this 
instrument have been discussed by Per- 
ley and Langsdorf (28) and by Giever (11). 
Nevertheless, its use is almost indispen- 
sable in air pollution studies, especially 
in areas where the amount of sulfur 
dioxide emitted to the atmosphere is 
known to constitute a major source of 
pollution. 

A number of these instruments have 
been employed continuously in the 
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Hours 


1 Fic. 9.—Diurnal Variation of Sulfur Dioxide in Windsor, Ontario, for Various Seasons of the Year 


The various types of autometers are 
illustrated in a recent paper by Thomas 
(36). Studies of the sulfur dioxide content 
of the atmosphere in smelter areas and 
elsewhere over many years by Thomas, 
Katz (17, 21) and others have demon- 
strated the usefulness of this type of 
equipment. However, the Thomas autom- 
eter has its limitations when employed 
to analyze the complex city air. It is 
sensitive to any soluble gas or aerosol 
which may prodvce an electrolyte in 
solution such as ammonia, hydrochloric 
acid, or other halides, sulfuric acid, or 


Windsor-Detroit area where the annual 
consumption of solid fuel alone is about 
16 million tons and the estimated over-all 
emission of sulfur dioxide is greater than 
430,000 tons per annum. The highest 
sulfur dioxide concentrations were found 
in industrial and residential areas lying 
close to the Detroit River. Comparisons 
are available in Windsor between three 
test stations within the city and a rural 
station 15 miles south of the Detroit 
River, over a period of several years. 
The data indicate widespread distribution 
of sulfur dioxide pollution during occa- 
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sional periods. Thus in September, 1952, 
a 30-min maximum of 1.45 ppm was re- 
corded at one of the stations close to the 
river. The maximum concentration at the 
rural station reached a value of 0.876 
ppm. Normally the maximum concentra- 
tion at the rural station does not exceed 
0.25 ppm. The highest monthly mean 
concentration within the city area 
reached a value of 0.20 ppm in December, 
1952. The curves in Fig. 9 illustrate the 
diurnal variation in sulfur dioxide for 
different seasons of the year at a station 
in Windsor over the period September, 
1950 to January, 1953. The rise in con- 
centration in the morning period of the 
day is most pronounced in the autumn 
and winter seasons. 

The “‘titrilog” is another instrument 
which has been used successfully for the 
continuous determination of sulfur di- 
oxide (40). The air sample is passed 
through a bromide solution by means of 
a gas bubbler in an electrolytic cell which 
contains an inner “sensor” electrode and 
a bromine generator electrode. The liquid 
is circulated through the cell by the gas 
stream. If sulfur dioxide or any other 
oxidizable gas is present, an equivalent 
amount of bromine is produced under 
the control of the “sensor” electrode. 
The concentration of bromine in the 
inner cell produces a voltage on the 
sensor electrode which is connected to 
the input of an amplifier. The amplifier 
is so adjusted that when the sample is 
free from oxidizable gases only a mini- 
mum amount of bromine is generated 
corresponding to the zero line on the 
recorder chart. As the electrolyte circu- 
lates, it passes through a carbon filter 
which removes any impurities flowing 
out of the inner cell. 

The titrilog is sensitive to hydrogen 
sulfide and organic sulfides and, to a 
lesser extent, to unsaturated hydrocar- 
bons. A reverse reaction takes place with 
nitrogen peroxide and chlorine. Thomas 
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has shown simultaneous records obtained 
with the titrilog and the autometer at 
Los Angeles (36), using a common intake. 
The two instruments agreed generally in 
the observations but at times gave ap- 
preciably divergent results. 

Katz (18) has described a photoelectric 
recording apparatus for sulfur dioxide 
based on the use of dilute solutions of 
potassium iodide-starch-iodine in the 
concentration range of 0.00007 WN to 
0.00002 NV, with respect to iodine. The 
reaction with dilute sulfur dioxide causes 
a fading of the blue color which is meas- 
ured photometrically. The instrument 
was operated for several seasons in the 
Sudbury smelter area. The instrument 
has a range of less than 0.01 to 1.0 ppm 
or more depending on the size of the gas 
sample and the volume of solution used 
in the absorbers. This method is subject 
to interference by hydrogen sulfide but 
to a lesser extent than the titrilog be- 
cause the solution is much less reactive 
than bromine. The method is probably 
more specific for SO, than the autometer. 

Hemeon has adapted his paper filtra- 
tion apparatus to the semiautomatic 
measurement of sulfur dioxide over 
hourly periods. The air is filtered through 
a 1-in. diameter area of filter paper strips 
moistened with glycerine and sodium 
hydroxide. A fresh area of paper is ex- 
posed automatically every hour. At the 
end of a given period the spots are re- 
moved and extracted with water, and the 
solution is oxidized and analyzed for 
sulfate (15). It is evident that the 
method involves considerable laboratory 
work. 


Hydrogen Sulfide and Organic Sulfides: 


These gases have been determined for 
many years in the field by the Thomas 
autometer after a preliminary combus- 
tion of the sulfur compounds to sulfur 
dioxide by passing the gas sample over 
a platinum wire heated electrically to 
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about 550 C (40). The sulfur dioxide al- 
ready present in the gases is determined 
by the analysis of a parallel unheated 
gas stream. The method is sensitive to 
0.01 ppm of sulfide. The titrilog instru- 
ment can also be used to determine sul- 
fides with comparable accuracy. 

Wilson® has constructed a paper filtra- 
tion apparatus for the determination of 
hydrogen sulfide. This employs lead- 
acetate-impregnated paper strips with 
spots about 1 in. in diameter, advanced 
at regular intervals by a clock mech- 
anism. The volume of air filtered through 
the paper in each position is measured, 
and the intensity of the spots is deter- 
mined by comparison with calibrated 
standard spots. This method has been 
used by W. G. Fredrick of the Detroit 
Department of Industrial Hygiene. A 
similar method employing paper impreg- 
nated with lead acetate and glycerine, 
sensitive to 0.05 ppm in 1-hr test sam- 
ples, is being developed by Hemeon (15). 

The above gases can be readily de- 
tected by odor in extremely low concen- 
trations as low as 0.025 ppm. Some 
mercaptans or organic sulfides give a 
perceptible odor in concentrations less 
than 0.01 ppm. It is evident therefore 
that instruments for this class of com- 
ponents have to be extremely sensitive to 
measure odor nuisances. 


Filler Tape Gas Recorders: 


Continuous filter tape recorders for 
gases are a comparatively new develop- 
ment. The tape or paper is impregnated 
with chemicals suitable for reacting with 
each type of gas or vapor. In the Von 
Brand filtering recorders, the medium 
under test is sampled at a uniform rate 
through a continuously progressing filter 
tape guided past a recording head of 
special design. Adjustment of sampling 
rate and selection of both tape speed 


* Private communication, 1952. 


and working area in the head give a very 
wide range of sensitivity and facilitate 
calibration. Recording heads are avail- 
able to produce single, dual, or triple 
traces on the paper about j in. in width, 
or circular spots of } in. diameter. 

An instrument described in a bulletin 
of the Vitro Corporation of America 
calied the Microsensor detects micro 
quantities of gases. The instrument con- 
sists of three principal parts, a gas intake 
system, a reel of chemicaliy treated paper 
tape, and a precision color comparator. 
A recording device may also be used as a 
part of the unit. 

The gas intake system draws through 
the instrument a continuous sample of 
the atmosphere to be analyzed for a par- 
ticular gaseous material. Incoming gas is 
divided into two channels. The first, or 
reference channel, contains a selected 
scrubber, usually activated charcoal, to 
filter the gas before it passes through the 
tape at the detector unit. Gas from the 
other, or sample channel, is passed di- 
rectly through the tape. The two chan- 
neled flows of gas are kept exactly equal 
by means of flow control devices. The 
channels are rejoined on the other side of 
the tape and the gas is drawn through a 
dehumidifier and another scrubber before 
reaching the pump and being vented. 

The paper tape is the vehicle for the 
chemical agent used in making the color 
comparison between the reference and 
sample gases. In some cases the tape is 
used dry, and in others it is sprayed with 
a liquid reagent before it reaches the 
detector unit. The instrument is designed 
to compensate for nonuniformity of the 
spots due to variations in thickness and 
porosity of recorder tape. 

Color comparison is made by a pre- 
cision light comparator designed around 
a photomultiplier tube, a flicker photom- 
eter optical system, and an electronic 
computing circuit. Actual comparison is 
accomplished by directing two equal 
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beams of light through the two viewed 
spots on the tape. ; 

The instrument is portable and entirely 
automatic. Its greatest contribution to 
air pollution, which is yet to be proven, 
may be the reputed extremely high order 
of sensitivity to minute quantities of 
many gases, such as sulfur dioxide, am- 
monia, hydrogen sulfide, nitrogen oxides, 
chlorine, ozone, and carbon monoxide. 


Hydrogen Fluoride: 


This gas has caused extensive damage 
to fruit trees, flowering plants, and other 
susceptible species of vegetation in ex- 
tremely low concentrations in the vicinity 
of aluminum refineries. It is absorbed 
readily by forage crops and can cause 
fluorosis in animals feeding oa such crops 
Concentrations of this gas in the range 
of several parts to 100 parts per billion in 
air by volume may constitute a signifi- 
cant degree of pollution. Until recently 
there was no satisfactory, completely 
automatic method available for the analy- 
sis of this gas because of the necessity of 
removing sulfur dioxide and soluble 
inorganic aerosols which interfere. 

Thomas (35) has described a semiauto- 
matic method whereby fluoride is deter- 
mined after absorption of the air sample 
for periods up to three hours in the ac- 
cumulating type autometer. The solu- 
tion is discharged from the machine in 
polyethylene bottles arranged on a turn- 
table. The sulfate is precipitated with 
excess barium chloride and the clear 
liquid after settling is decanted, adjusted 
to pH 3.3, and titrated with thorium 
nitrate, using chromeazurol-S as indi- 
cator. The sensitivity is very great, about 
0.2 parts per billion, and the only com- 
pounds which would be likely to interfere 
are phosphates. 

A continuous recording analyzer for 
trace quantities of hydrogen fluoride in 
the atmosphere has been developed re- 
cently at the Stanford Research Institute 
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(3). The method embodied in the instru- 
ment is based on a test described by 
Feigl and Heisig (10) in which a metal 
oxinate fluoresces under ultraviolet light 
and the fluorescence is quenched by ex- 
posure to hydrogen fluoride. When paper 
impregnated with an alkaline earth oxine 
(salt of 8-hydroxyquinoline) is exposed to 
ultraviolet light, it fluoresces with a 
visibily bluish color. Traces of hydrogen 
fluoride in an atmosphere will cause the 
visible color emitted to be reduced. 

The continuous analyzer employs a 
moving strip of paper impregnated with 
magnesium oxinate which is put in con- 
tact with the gas to be analyzed by 
causing it to pass through the pores of 
the paper. The paper is continuously ex- 
posed to ultraviolet light, and by means 
of suitable color filters only the visible 
portion of the fluorescence is directed 
toward a photocell. The photocell, 
through an amplifying system, operates 
a recorder. 

The sensitivity of the instrument can 
be varied by controlling the speed at 
which the paper moves and thereby the 
size of the gas sample to which it is ex- 
posed. The greatest sensitivity is ob- 
tained at the lowest tape speeds where 
the exposure time is the greatest. The 
lower limit of sensitivity is about 30 parts 
of hydrogen fluoride by volume per 
billion parts of air. 

In preparation for the field use of the 
instrument, a systematic study is being 
made of the kinds and amount of other 
gases that might cause interferences in 
field situations. Of the materials tested 
thus far, strong acid gases such as hydro- 
gen chloride or sulfuric acid aerosols have 
been found as the most active interfering 
substances. These do not cause signifi- 
cant interferences at concentrations be- 
low 5000 parts per billion. Representative 
types of particulate matter have also 
been tested and hereto negligible inter- 
ferences have been noted. 
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As now constructed, the instrument is 
sensitive only to gaseous hydrogen fluo- 
ride and not to insoluble fluorides that 
may be carried by the atmosphere as 
particulate matter. 


Oxidant Recorder for Smog Gases: 


In the Los Angeles area the smog con- 
ditions are characterized by a polluted 
air mass which causes a reduction in 
visibility and, quite frequently, crop 
damage, eye and nose irritation. Ac- 
cording to Littman and Magill (24) the 
Los Angeles smog occurs almost invari- 
ably under conditions of 60 per cent rela- 
tive humidity or lower, and is accom- 
panied by unusually high concentrations 
of an oxidant which appears to be ozone. 
In order to study the relationship be- 
tween smog occurrence and oxidant con- 
centration, Littman and Benoliel (25) 
constructed a continuous recorder which 
produces a record in terms of ozone 
equivalents. 

The oxidant recorder consists essen- 
tially of a counter current absorption 
tower of glass beads as the air-liquid con- 
tacting device. The air containing ozone, 
nitrogen oxides, or other oxidants, liber- 
ates iodine from a buffered, neutral 
potassium iodide solution. The light 
transmission of the resulting yellow 
solution is measured by a double-cell 
colorimeter at 3600 A. The absorbing 
solution is regenerated by passing it 
through a bed of activated carbon, and 
re-used. The instrument is calibrated in 
terms of ozone equivalents in parts per 
100 million by volume. 

There is no doubt that ozone occurs 
in relatively high concentrations in the 
Los Angeles area, because rubber deteri- 
orates very rapidly on exposure during 
smogs. However other oxidants, includ- 
ing ozonides and peroxidic organic com- 
pounds, are undoubtedly present in the 
smog gases. The latter have to be stud- 
ied by more laborious procedures in- 
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cluding collection of condensate from 
large volumes of air in the Shepherd trap 
at liquid oxygen temperature, followed 
by examination of the collected material 
by infrared or mass spectrometer meth- 
ods (30). 


METEOROLOGICAL INSTRUMENTS 


No study of any air pollution problem 
is complete without a concurrent evalua- 
tion of meteorological factors. In a par- 
ticular location the topographical fea- 
tures of the terrain, the proximity of 
land and water surfaces, and other fea- 
tures of the environment are a constant. 
The micrometeorology and the number 
and extent of emissions are the elements 
whose variations can account for the 
observed fluctuations in the degree of 
pollution. However, in a large, highly 
industrialized area, such as the Windsor- 
Detroit region, the short-term variations 
of emission of contaminants may be 
smoothed out by the averaging effect of 
many industries. There will be a diurnal 
pattern of industrial activity together 
with a weekly cycle, but any observed 
large fluctuations in the pollution level 
from day to day and from season to sea- 
son will be related to meteorological fac- 
tors. 

Thomas (36, 37) has presented re- 
cently excellent papers on the various 
types of continuously recording mete- 
orological instruments in current use in 
air pollution research. In his latest paper 
he stresses the advantages of recording 
the chemical and meterological data side 
by side on the same chart, and suggests 
means for accomplishing this. It is recog- 
nized that the fundamental factors which 
need to be measured are wind direction 
and velocity, turbulence of the air, and 
temperature and velocity gradients with 
height above surface, the relative hu- 
midity, precipitation and _ insolation, 
and the diffusion coefficients in the ver- 
tical and cross-wind directions. 
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The subject of meteorological instru- 
mentation in this paper will be: confined 
to a discussion of the instruments in use 
in the Windsor-Detroit area. The ulti- 
mate goal in this study is to formulate as 
precisely as possible the meteorological 
conditions likely to induce smog, to 
evaluate the relation between pollution 
and weather, and to isolate the influence 
of as many weather factors as possible on 
the ambient pollution. 


Wind Speed and Direction: 


This is being measured by Bendix 
Friez Aerovane recorders near surface 
level to correlate with simultaneous ob- 
servations on sulfur dioxide and particu- 
late contaminants. It is planned to 
measure the wind at 300 ft above ground 
as well in order to correct for surface 
roughness factors. 


Wind Gustiness: 


The aerovane records are being evalu- 
ated to show the range of variations from 
the mean wind speed and wind direction, 
or gustiness. The characteristics of the 
eddy motions are being studied by ex- 
amination of the variability of the ob- 
served wind in order to evaluate simple 
gustiness parameters. This study will 
include not only surface observations but 
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late contamination. It is not clear 
whether the cleansing of the atmosphere 
after a period of precipitation is due to 
the action of rain drops in removing 
particles suspended in air or is caused by 
the resultant atmospheric instability and 
improved turbulent mixing. The levels 
of gaseous and particulate pollution in 
the Windsor-Detroit area are being cor- 
related with data from a rainfall recorder 
in order to throw more light on this 
point. 


Illuminometer: 


The total incoming daylight, both 
direct and reflected, in the visible light 
range will be measured simultaneously 
by recording illuminometers which are 
being installed at a station in downtown 
Windsor and at a location in a rural area 
15 miles distant. The data will indicate 
the reduction in sunlight caused by smog 
conditions in downtown Windsor in com- 
parison with conditions in the surround- 
ing countryside. 


CONCLUSION 


It is apparent that continuous instru- 
mentation and analytical techniques in 
air pollution are still in an early stage of 
development. Apart from a few gases such 
as sulfur dioxide, hydrogen sulfide, and 

fluoride, instrumentation 


those at 300 ft above ground. hydrogen 
a methods are decidedly limited. Most of 
Temperature Lapse Rate: 


Equipment is being assembled to de- 
termine the vertical temperature gradi- 
ent of the atmosphere by resistance ther- 
mometers installed on a television tower 
at eight elevations up to about 800 ft 
above ground. This will yield information 
on the onset and duration of inversion 
periods, or conversely on periods of at- 
mospheric instability. 


Rainfall Measurements: 


Considerable controversy exists about 
the effect of rain on gaseous and particu- 


the continuous methods used for gaseous 
pollutants are not specific for a particular 
type of compound. The measurement of 
hydrogen fluoride by the degree of 
quenching of the fluoresence of alkaline 
earth oxines is a novel approach. Perhaps 
the future will see the application of 
polarographic methods which may be 
made specific for certain gases. 

With aerosols the best that can be 
done with most of the present methods 
is to collect the aerosols on a continuous 
basis and analyze for certain chemical 
constituents separately. Much can be 
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learned from the evaluation of the mass 
concentration, particle size distribution 
and chemical identification of a portion 
of the complex materials. In this con- 
nection X-ray diffraction is proving a 
valuable tool in the identification of 
crystalline material present in the at- 
mosphere of the Windsor-Detroit area. 

For the study of the effects of air 
pollutants on public health and vegeta- 
tion, continuous instrumental methods 
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Mr. G. M. Rapp.'—Would Mr. Katz 
describe briefly the principal features of 
the thermal precipitator collector, such 
as the plate gap and the temperature 
head. It is my understanding that these 
devices are not commercially available 
in this country, and it may be presumed 
that he designed his own. 

Also, what was the basis of the indi- 
cated good agreement between the ther- 
mal precipitator and the impinger de- 
vice. Was it efficiency, percentage of 
total particulate matter removed, com- 
parison on a weight basis, or absolute 
count? 

Mr. Morris Katz (author).—The 
thermal precipitator is based on the 
principle that in a dust-laden atmosphere 
there is a dust-free space surrounding a 
hot body. The hot body is a horizontal 
wire of small diameter mounted in a 
comparatively massive block of brass, 
called the precipitator head, having two 
horizontal holes in which are inserted 
microscope cover-glasses. These cover- 
glasses are disposed vertically on either 
side of the wire so that they lie partially 
within the dust-free space. The air is 
drawn slowly through the channel past 
the wire by means of a water aspirator 
equipped with a calibrated glass jet, at 
a rate of about 50 to 100 cu cm per min. 
The dust particles, being unable to pene- 
trate the space surrounding the hot wire, 
are deposited in a line parallel to the 


‘John B. Pierce Foundation, New Haven, Conn. 


wire on each cover-glass. The wire is 
heated electrically by current from a 
battery connected to the head. Particles 
from 5 » down to the smallest visible 
optically are deposited with an efficiency 
approaching 100 per cent. 

The work on the size distribution of 
air-borne particulates was done on an 
absolute count basis. The size of particles 
counted are in general limited down to 
half a micron. The limit of optical visi- 
bility with a high-power light microscope 
is about 0.2 yu, but it is difficult to count 
such particles accurately. 

As indicated in the paper, using stand- 
ard counting technique, there was good 
agreement between the size distribution 
curves with samples collected by the 
thermal precipitator and the standard 
impinger, in the size range down to 0.5 
u. Therefore, in practical field work, the 
standard impinger will yield amost as 
accurate results as that obtainable with 
the more expensive thermal precipitator. 
For particles less than 0.5 yw in size the 
latter instrument has the higher effi- 
ciency. 

The thermal precipitators were pur- 
chased from C. F. Casella & Co. Ltd. of 
London, England. 

Mr. Rapp.—Is the author familiar 
with the thermal precipitators used in 
South Africa in the diamond mines? They 
apparently made their own. 

Mr. Katz.—I think at that time the 
instrument was not available commer- 
cially. 
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If it was later than 1945, however, 
this thermal precipitator would have 
been available. 

Mr. W. J. Smitn2—I am familiar 
with the instrument as made by Casella. 
There is also an instrument made by 
Joseph B. Ficklen, of Pasadena, Calif. 

We made our own thermal precipi- 
tator following the description given by 
the original designer; ours works very 
satisfactorily. Making it was really not 
difficult. 

Mr. Liovp L. Fatx.*—Are any of the 
instruments described by the author 
suitable for ASTM to recommend as a 
standard instrument for air pollution 
work? 

Mr. Katz.—I believe the Hall-Chaney 
instrument has been described and tested 
sufficiently to be recommended to the 
ASTM as one of the instruments to be 
used in atmospheric pollution studies for 
fine, suspended particulate matter. 

There are other instruments which I 
mentioned in my paper; for instance, 
there is a paper filtration instrument de- 
veloped by Wilson; there are a few 
others, like tape-recording instruments, 
which are appearing on the market 
rapidly. The advantage of the Hall in- 
strument is that it not only provides a 
means of assessing the intensity of the 
particulate pollution, by optical methods 
such as reflectance or transmission, but 
it also yields a 24-hr sample for chemical 
analysis and weight concentration. I 
think this feature places it far above all 
others in that class. 
~~ § Chemical Engineer, Arthur D. Little, Inc., Cam- 
bridge, Mass. 


3 Waste Consultant, E. I. du Pont de Nemours and Co., 
Wilmington, Del. 
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Mr. Davin L. Fry.A—I would like to 
ask Mr. Katz whether he has noticed — 
any pollution in the Detroit-Windsor 
area directly attributable to automotive 
engines. There has been considerable 
discussion in Los Angeles about air pol- 
lution due to automotive engines—the 
unsaturates causing harmful effects to — 
people, plants, and farms. 

Mr. Katz.—I presume this question 
refers to the eye irritation, farm crop 
injury, and so on, caused by the oxidant 
properties of these smog gases. 

In the Windsor-Detroit Area, there 
was quite a serious episode of eye irrita- 
tion in September, 1952. We have not yet 
evaluated the crop damage effects. An 
investigation is in progress on possible 
crop damage this summer. 

As for the oxidant properties of the air — 
in the Los Angeles area—I do not think 
we have anything like that in the Wind- 
sor-Detroit Area. There is a unique and 
relatively high oxidant, or ozone, con- 
centration in the Los Angeles area. The 
eye-irritating properties of smog have 
been noted in the Windsor-Detroit Area, 
and in several other polluted communi- 
ties. I think this is probably one of the 
more general properties of a polluted 
atmosphere. 

Those of you who have read a recent 
paper by Mr. Magill of Stanford Re- 
search Institute will remember that he 
made up a synthetic gas mixture of 
oxides of nitrogen and some hydrocar- 
bons, gasoline vapor, sulfur dioxide, and 
a few other compounds. This mixture 
had marked eye-irritant properties when 
tested in a gas chamber. 


4 Supervisor of Spectroscopy, General Motors Corp., 
Detroit, Mich. 
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VARIABLES IN MONTHLY DUST FALL MEASUREMENTS* 


By J. DEANE SENSENBAUGH!' AND W. C. L. HEMEon! 


Air pollution by solid particles may be 
classified in two categories according to 
their pollution effect: Fine particles tend 
to deposit on wall and ceiling surfaces 
and are responsible for smoke and haze 
effects. Coarse particles, on the other 
hand, are subject to gravity deposition 
and constitute the quality of air pollution 
referred to as “dust fall,” analogous to 
the term “rainfall.” The present discus- 
sion is confined to the latter. 

Just as it is logical in weather observa- 
tions to record the quantity of rain 
reaching the ground rather than the 
quantity of water in temporary suspen- 
sion in the atmosphere, so it is logical to 
measure the rate of gravity deposition of 
dust to obtain a record of this kind of air 
pollution. A weight measurement of 
solids suspended in the atmosphere is no 
more logical and is far more complicated 
and expensive. 

Dust fall measurements are made 
commonly on a monthly basis by expos- 
ing open-top jars to the atmosphere in 
different localities and weighing the 
deposit. Its purpose is to provide a basis 
for comparison over long time periods of 
changes in dust fall, for comparisons be- 
tween districts within a city, or for 
comparisons between cities. 

It is often argued that the measure- 
ment lacks significance or that compari- 
sons between cities are not permissible 
for various reasons. We have carried out 
a broad exploration of the variables in- 


* Presented at the Lg sixth Annual Meeting of the 
Society, June 28-July 3, 1953. 

1 Chemist and E Director, 
Foundation, Mellon Institute, itts- 


volved in dust fall measurements over 
the past two years, the results of which 
are presented in the following discussion. 


VARIABLES IN Dust FALL 
MEASUREMENTS 


Significance of Units: 


The results are usually expressed in 
the units tons per square mile per month 
or per year. This terminology has led to 
some confusion in persuading some to 
believe that the measurement purports to 
show the deposition rate over an actual 
mile square area. Some have thought, 
too, that the selection of sampling spots 
should in some way be related to the 


square mile area unit. The fact is that the. 


measurement indicates only the weight 
of dust falling out of the air at a par- 
ticular location. This and other misinter- 
pretations could be minimized if different 
weight-area units were employed—for 
example, grains per square foot. Any 
value expressed in tons per square mile 
can be converted to grains per square 
foot by multiplying it by 0.50. 


Effects of Differing Procedures: 


Among the objections to comparing 
dust fall in different cities are those 
stemming from discrepancies that arise 
due to varying procedures. It is a fact 
that there is no single widely recognized 
standard procedure. 

In this country simple jars of varying 
dimensions are employed: beakers, bat- 
tery jars, stainless steel or copper 
cylinders, wide mouth glass jars, and the 
like. In some cases the jars are placed 


directly on a roof top; in others they are 
supported 3 or 4 ft high on a tripod or 
other support. In most cases liquid anti- 
freeze is added during the winter, but in 
the summer the bottom of the jar is 
often allowed to be dry, depending in this 
respect only on the occurrence of rainfall. 


TABLE I.—INHERENT ERROR IN A JAR 
DUST FALL MEASUREMEN 
Extent to which an individual jar may from 
the _average of three identical jar exposures. 


a 
Single Jar Value 
from an Average | Number of Jars eet use 
of a 3 Jar Cluster, 
per cent 
<t 30 14 
1to5 86 39 
5 to 10 58 %6 
10 to 15 26 12 
15 to 20 17 8 
20 to 25 2 1 
25 to 30 2 1 


>30 1 


TABLE II.—WATER SOLUBLE SOLIDS IN DUST 
FALL SAMPLES FROM OAKLAND DISTRICT OF 
PITTSBURGH. 


Water Soluble, | Per cent of Total 


Number of Jars | 


per cent Observations 
>15 2 | 4 
10 to 15 il | 23 
5 to 10 7 15 
1to5 & 15 31 
27 


<1 13 


Some laboratories filter the accumulated 
rain water from the solids and report 
only the insoluble solids; others 
evaporate and report the total solids. We 
have explored these variables to deter- 
mine the extent to which each is respon- 
sible for variations observed in the 
results. 


Inherent Error of a Single Jar: 


To develop data indicating the re- 
producibility of results from a single jar, 
we exposed identical jars on tripods in 
clusters of 3, totaling 222 jars over a 
period of 8 months. Taking the average 
of the three jars as the true value, the 
deviation of any one jar weight could be 
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assessed in those terms. The results are 
shown in Table I. 

These data show clearly that inherent 
errors of 10 or 15 per cent are common, 
that errors of 15 to 20 per cent are not 
uncommon and that a single jar could 
deviate as much as 25 to 30 per cent 
about once in 100 cases. Those data 
teach us not to rely heavily on a single 
sample, a source of possible error that is 
minimized by grouping and averaging 
similar data, as is demonstrated later. 


TABLE III. AR ELEVATION ON 


Data based on ; jars at | each elevation. 


Comparison of Roof Surface Comparison of 2-ft, 
Dust Fall with 2-ft, 4-ft, 4-ft and 7-ft 
and 7-ft Dust Fall¢ Dust Falls 
A | A | A B D 
B | c | D c Cc 
1.38 1.47 1.07 1.06 
1.25 1.47 ‘pale 1.17 1.06 
1.84 ; 1.48 ae 0.80 1.10 
1.39 | 1.28 0.92 
| tat 1.14 
| 1.93 1.82 
1.69 1.53 
1.50 | 1.42 


_ @ A is dust fall at roof surface, B is dust fall at 2-ft 
elevation, C is dust fall at 4-ft, and D is dust fall at 7-ft. 


Water Soluble Fraction: 


The magnitude of error due to loss of 
water-soluble materials where rain water 
is removed by filtration and discarded 
was studied for Pittsburgh dust fall. The 
results are presented in Table IT. 

These data show that the water- 
soluble fraction rarely exceeds 15 per 
cent, and demonstrates that the error 
resulting from the practice of discarding 
the filtrate is minor. In any case, a cor- 
rection factor is easily estimated. 


Effect of Jar Elevation: 


A series of jars was positioned at 
different elevations above the roof top for 
comparison of their deposit rate with 
that in a jar resting directly on the flat 
roof surface. As shown in Table III, the 
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jars resting on the roof receive much 
larger amounts of dust than those at 2 ft 
or greater elevation. Obviously, this is 
due to their sensitivity to wind-blown 
dust which evidently is concentrated in 
the air layer 10 to 12 in. above the roof 
surface. There appears to be no signifi- 
cant difference between the 2-, 4-, or 7-ft 
levels. We favor a level of 3 or 4 ft. 
The most significant thing shown by 
the data is that there is no consistent 
ratio. The minimum ratio is about 1.3 
and the maximum about 2. Therefore, 


TABLE IV.—RELATIVE? DUST FALL IN WET versus 
DRY BOTTOM JAR. 


Range of Wet to Number of Per Cent 
Dry Ratios ases of Total 
0.85 to 1.10 32 47 
1.10 to 1.30 17 25 
1.30 to 1.50 13 19 
1.50 to 1.70 3 + 
1.70 to 2.00 3 | ot 


@ Clusters of three jars, one wet bottom, ‘two dry bot- 
tom (dry except for rainy periods). 


dust fall data obtained from jars resting 
on a roof surface should be corrected by 
those ratios before comparison with 
tripod data. This is done by multiplying 
roof data by 0.50 and 0.75, expressing 
the corrected result as a range. For ex- 
ample, a roof surface value of “100 tons 
per sq mile per month” would be 
corrected for comparison with data ob- 
tained at a higher elevation, and thus 
described as “50-75 tons per sq mile 
per month.” 


Wet Bottom versus Dry Bottom: 


For studying the effect of a wet or dry 
bottom jar, a small amount of permanent 
antifreeze liquid (ethylene glycol) was 
placed in the bottom of one jar in a 
cluster of three. The other two were dry 
except in rainy periods. Relative values 
are shown in Table IV. It is apparent 
from these data that an appreciably 
greater quantity of dust may be found in 
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a jar with a wet bottom than one with a 
dry bottom. 

The fact that jars would normally 
have a wet bottom throughout the winter 
season due to the necessity for antifreeze 
indicates the logic of continuing the 
practice of adding a nonvolatile liquid to 
each jar during the summer months in 
order that the operations continue on the 
same basis the year around. If this is not 
done, it becomes necessary to apply a 
factor to the summer data to make it 
comparable with winter data, and these 
studies indicate that the factor (as in the 
case of jar elevation correction) would 
have to be dual, namely, 1 and 1.5. 
Thus, if the “dry” bottom data for a 
summer period indicated ‘‘60 tons per 
sq mile per month,” it would be 
corrected to “60 to 90 tons per sq 
mile per month.” 


Effect of Jar Dimensions: 


The effect of jar shape and dimensions 
has not been fully explored at this 
writing. We have a few data on the rela- 
tive dust fall values obtained by exposure 
of the type jars indicated in the following 
table: 


Diameter | Ratio of 

Jar Type "| Height to 

Diameter 
ll 2:1 
Hydrometer Cylinder.............. 7 4:1 
Gallon Preserve Jar .............. 8 >4:1 


J ars of each type were exposed in clusters of three from 
_ which an average was obtained. 

The number of observations is not 
statistically significant and they are, 
therefore, not being reported at this 
time. It may be stated, however, that 
thus far we are persuaded that the di- 
mensions of the jar openings within the 
range of jar sizes in common use is of 
little practical significance, although 
there is some indication of somewhat less 
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scatter in the data obtained by the 
1500-ml beakers. Differences between the 
various vessels in any one month are 
sometimes considerable, but when our 
5-month data (involving 15 jars of each 
type) were averaged, the greatest differ- 
ence between any two types did not 
exceed about 15 per cent. 

We judge that the English deposit gage 
(which consists of a shallow funnel con- 
nected at the bottom to a rain water 
bottle) would give results differing con- 
siderably from wet bottom cylinder 
results, due to the permanent dry bottom 
of its collection surface and the relatively 
incomplete protection of the shallow 
funnel bottom against losses due to wind 


action. 
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Based on the findings of these studies, 
it is believed that the following pro- 
cedures are desirable to obtain the most 
consistent results at a single location. 
(They conform to existing practices in 
Chicago, Ill., New York, N. Y., Mil- 
waukee, Wis., St. Paul, Minn., Wyan- 
dotte, Mich., New Haven, Conn.) 

1. Jars should be exposed at several 
locations to obviate the inherent error of 
a single jar as well as for coverage of an 
area. 

2. Jars should be mounted at an eleva- 
tion of 2 to 4 ft above the roof top or 


Recommendations: 


other supporting surface. 


3. The jar bottom should be perma- 
nently wet, in summer as well as winter. 
Permanent antifreeze liquids are most 
convenient. Use of water requires fre- 
quent attention. 

4. If jar contents are filtered and only 
insoluble solids weighed, it is desirable to 
ascertain by special tests the character- 
istic percentage of water soluble matter 
for a particular city. In most, if not all, 
cases it will be found rarely to exceed 
10 to 15 per cent. This correction can 
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then be applied to all insoluble residue 
values thereafter. 


LocaTION OF JAR STATIONS 


The large particles that contribute 
principally to dust fall emanate from 
numerous sources, and this fact, com- 
bined with their falling tendencies, 
results in extreme variation in distribu- 
tion even within small distances. Dust 
fall stations should be located remote 
from any single source of dust, and this 
includes not only chimneys of coal- 
burning furnaces on the building on 
which the jar may be placed and those of 
adjacent buildings, but also nearby 
horizontal roof surfaces at a greater ele- 
vation which could supply abnormal 
quantities of wind-swept dust to the 
location of the test jar. 

These location specifications are often 
difficult, sometimes impossible to comply 
with. A larger number of stations tends 
to offset disadvantages of a particular 
location. In small cities attachment of 
the jar holder to utility poles can some- 
times be arranged and, if suitably located 


with respect to adjacent sources, consti- © 


tutes an advantageous arrangement. 
Even when these specifications are 
met, considerable variation between two 
jars may be found within short distances. 
We have observed variations of 2 to 1 
and greater between two sets of jars 
located within one block of each other. 


TREATMENT OF DATA 


The variations in dust fall in different 
areas of a community are usually very 
large and it is obviously quite meaning- 
less to report the total dust fall or the 
average dust fall of a large city. For this 
reason, it is impossible to compare dust 
fall in different cities by taking averages 
of all the dust fall measurements in each 
city. 


* 


t 
a, 
t 
e 
d 
r 
q 
is 
e 
rt 
is 
it 
of 
h 
3S 


1164 


District CLASSIFICATION 


It is, however, logical and useful to 
classify the dust fall data in accordance 
with the type of neighborhood in which 
they were obtained. Averages of all data 
obtained in one kind of district can then 
be expected to provide a significant 
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The data of a given month do not, 
basically, have greater significance than 
would those for a period of 3 weeks or 
5} weeks, since the calendar is merely an 
arbitrary time subdivision. Seasons, on 
the other hand, are significant time 


SEASONAL GROUPING 


TABLE V.—WINTER AND SUMMER oy FALL* 5 Seed BY TYPE OF NEIGHBORHOOD 


IN VARIOUS 


CIT. 


(Tons per square mile per month) 


Winter Dust FALL (JANUARY-Marca) 


Wyan- 
New Pitts- Mil- y New 
York Chicago burgh Cincinnati St. Paul Holyoke 
7 to 10 12 18 15 
City RES 79° 84 59 11 to 17 21 20 17 18 33 
near industrial or { 77 129 69 31 to 47 35 36 18 27 100 
222° 66 40to60 | ... 64 


Sumer Dust FALL (June-Aucust) 


City residential................+.. 33° 41 28 
Residential, near industrial ed 57¢ 65 46 


| 15 | | 7 10 
19t029 | 2 | 23 | 12 i 15 
| 32 | | 13 31 
sites? |... | 50 


* 1951 data used for N. Y., Pittsburgh, Cileee, Gages Cincinnati, St. Paul. 


1952 data for New Haven, Wyandotte, and 
1949 data for 

> Bronx, Brooklyn, Queens. 
description. We have employed the 
classification below on a tentative basis: 

Class A—Suburban or Agricultural 

Class B—City Residential (relatively 
remote from industrial areas) 

Class C—Residential Areas, Adjacent 
to Industrial Districts (including 
commercial districts) 

Class D—Industrial District (where 
few people reside) 

We have obtained data from a number 
of cities, classified in accordance with 
this scheme, and have grouped and 
averaged the data in accordance with the 
type of district. Comparisons on this 
basis provide a significant picture, with 
some qualifications discussed later. All 
figures employed, with one exception 
mentioned later, were obtained by 


methods that conform to the procedures 
previously outlined. 


© Manhattan. 
Brooklyn. 
* Manhattan, Queens. 


periods because of the weather and fuel 
consumption characteristic of each. Fur- 
thermore, there is often a sharp and 
irregular variation in the data of con- 
secutive months which confuses their 
true significance. For these reasons we 
recommend grouping of the data in 
accordance with seasons, averaging them 
for the total period. We have employed 
the following grouping: 


a January, February, March 
Spring ....... April, May 

Summer...... June, July, August, September 
ee October, November 


Logically, winter should also include 
December, but in our tabulations this 
was not done because the custom of 
tabulating data by the calendar year 
made it inconvenient to assemble the 
necessary data from the different cities. 
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Grouping the data by season and by 
type of district results in a relatively 
large number of figures of a consistent 
character, and the average effectively 
damps out the extreme variation of an 
individual series. 


TABLE VI. FALL IN 
RICAN CIT 


per square mile per 


Class of District | Winter Summer 
10 to 20 5 to 15 
City residential............... 20 to 60 10 to 30 
Near industrial................ | 20 to 125 | 15 to 60 


Industrial. . | 


(extreme range) 

The relatively narrow range of values 
for comparable districts of most of the 
cities, especially in the suburban and city 
residential classes, is an indication of the 
value of this method of data treatment 
and interpretation. On the basis of these 
limited data, the summary in Table V 
has been prepared, indicating how this 
method facilitates city to city com- 
parisons (see also Table VI). 

The values, not surprisingly, spread 
over a quite wide range in the last two 
industrial classes. 

The Cincinnati data are figures cor- 
rected by applying a factor of 3 and ? to 
the original data reported, since their 
measurements are made by jars resting 
directly on roof surfaces (see previous 
discussion on Effect of Jar Elevation). 


CLASSIFICATION SYSTEM 


The district classes employed herein 
have one advantage: the titles appear to 
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define them clearly, since in our corre- 
spondence with cooperating city officials 
no questions were raised concerning their 
meaning. However, we are by no means 
satisfied that there was in fact a common 
understanding of them and that all 
stations in the different cities are grouped 
by the same standard. Basic differences 
in the characteristics of cities make for 
some difficulties, unless the definitions 
are made completely explicit. 

Some cities by their nature will have 
no suburban areas. Some have industrial 
districts with practically no dwelling 
houses; others with light industry may 
have a considerable population within 
the industrial district. 

The grouping of commercial areas with 
dwelling areas adjacent to industrial dis- 
tricts, mainly to keep the system simple, 
is open to question. 

The principle of classification is the 
thing of importance. Each city should 
feel free to make such modifications in 
the classification system as may be dic- 
tated by its particular characteristics to 
result in a more realistic presentation. 

If a station or stations within a group 
show figures consistently much higher or 
lower than the average, that location 
should be re-examined from these view- 
points: (a) Is it unduly affected by a 
known nearby source, and therefore is it 
advisable to move or eliminate it? (b) Can 
justification be made, by reference to 
fundamental definitions, for changing its 
classification for averaging purposes? 


t, 
n 
n 
n 
| 


_ _ SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
PORCELAIN ENAMELS AND CERAMIC COATINGS 
AS ENGINEERING MATERIALS 


The Symposium on Porcelain Enamels and Ceramic Coatings as Engi- 
neering Materials, sponsored by Committee C-22 on Porcelain Enamel, 
was held at the Twenty-sixth and Twenty-eighth Sessions of the Fifty- 
sixth Annual Meeting of the Society held in Atlantic City, N. J., on July 2, 
1953. 

Because of recent developments in the porcelain enamei field, Com- 
mittee C-22 felt that a symposium would be of interest to many engineers 
now interested with the work but not associated with the porcelain enamel 

or ceramic coating fields. The symposium presented data on the mechanical 
_ properties of these materials and indicated the trend of future develop- 

ments. It included the following papers: 


Introduction—Dwight G. Bennett 

Some Examples of the Functional Use of Porcelain Enamel and Ceramic 
Coatings for Steel—G. H. Spencer-Strong 

Resistance of Porcelain Enamels to Weathering—Dwight G. Moore 

The Chemical Resistance of Glass Fused to Steel—E. A. Sanford and O. J. 
Britton 

Acid Resisting Properties of Porcelain Enamels—Harold C. Wilson 

Requirements for and Expected Benefits from the Application of Coatings 
to High-Temperature Components of a Jet Engine—A. C. Francisco 
and G. M. Ault 

High-Temperature Ceramic Coatings as Applied to Aircraft Power Plants— 
B. L. Paris 

The Industrial Processing of High-Temperature Ceramic Coatings—J. H. 
Terry 

The Abrasion Resistance of Various Types of Porcelain Enamel—Arthur V. 
Sharon 

The Resistance of Porcelain Enamels to Surface Abrasion as Determined by 
the PEI Test—John T. Roberts 

Torsion Testing as an Aid to the Porcelain Enamel Industry—E. L. Hoover 

The Strengthening Effect of Porcelain Enamel on Sheet Iron as Indicated 
by Bending Tests—E. E. Bryant 

Tension Tests of Porcelain Enameled Steel—W. A. Deringer 

Effect of Temperature on the Electrical Resistivity of Several Ceramic and 
Silicone-Type Coatings—Simon W. Strauss, Lloyd E. Richards, and 
Dwight G. Moore 

A Laboratory Evaluation of Ceramic Coatings for High-Temperature Appli- 
cations—Sara J. Ketcham 

Guideposts in Selecting Porcelain Enamels and Ceramic Coatings—A Sum- 
mary—W. N. Harrison 


These papers, with discussions, are issued as ASTM Special Technical 
Publication No. 153 entitled “ Symposium on Porcelain Enamels and Ceramic 
Coatings as Engineering Materials.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON LATERAL LOAD TESTS ON PILES 


The Symposium on Lateral Load Tests on Piles, arranged by Committee 
D-18 on Soils for Engineering Purposes, was held at the Twentieth and 
Twenty-third Sessions of the Fifty-sixth Annual Meeting of the Society 
in Atlantic City, N. J., July 1, 1953. Committee D-18 hopes that the ma- 
teria] presented at this symposium will lead to the development of standard 
procedures for making lateral load tests on piles. - bo 

The following papers were presented: 


Resistance of Long Hollow Piles to Applied Lateral Loads—G. A. McCammon 
and J. C. Ascherman 
Lateral Load Tests on Groups of Battered and Vertical Piles—Lawrence B. 
Feagin 
Bearing Piles Subjected to Horizontal Loads—L. T. Evans 
The Resistance to Lateral Loading of Single Piles and of Pile Groups—Gregory ‘ 
P. Tschebotarioff 
The Lateral Load Capacity of Timber Pile Groups—J. O’Halloran 
Lateral Load Tests on Vertical Fixed-Head and Free-Head Piles—Sol M. 
Gleser 
Lateral Load Tests on Piles for Design Information—A. A. Wagner 


Introduction—A. E. Cummings 


The papers and discussions are issued as ASTM Special Technical Publica- 
tion No. 154 entitled “Symposium on Lateral Load Tests on Piles.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
DYNAMIC TESTING OF SOTLS 


The papers and discussions in the Symposium on Dynamic Testing of 
Soils were presented at the Twenty-ninth and Thirtieth Sessions of the 
Fifty-sixth Annual Meeting of the Society held on July 2, 1953, in Atlantic 
City, N. J. Committee D-18 on Soils for Engineering Purpeses sponsored 
this symposium with two main purposes in mind, namely, to assemble, for 
publication, all available information and to discuss as yet unsolved problems 
in the field of soil dynamics. 

The following papers were presented: 

Introduction—R. K. Bernhard 

Elasticity and Damping of Oscillating Bodies on the Soil—H. Lorenz 

The Pressures Generated in Soil by Compacting Equipment—A. C. Whiffin 

Loose Sands—Their Compaction by Vibroflotation—Elio D’Appolonia 

Performance Records of Engine Foundations—Gregory P. Tschebotarioff 

Macromeritic Liquids—Hans F. Winterkorn 

Compaction of Sand at Resonant Frequency—Frederick J. Converse 


_ The Elastic Theory of Soil Dynamics—Patrick M. Quinlan 

Pilot Studies on Soil Dynamics—R. K. Bernhard and J. Finelli 

_ A Dynamic Analogy for Foundation-Soil Systems—Adrian Pauw 

_A Discontinuous Model for the Problems of Soil Dynamics—J. J. Slade, Jr. 

Vibration Research on Road Constructions—C. van der Poel 

- Vibrations in Semi-Infinite Solids Due to Periodic Surface Loading—Tse 
Yung Sung 

Soil Dynamics Bibliography—R. K. Bernhard 


This Symposium is issued as ASTM Special Technical Publication No. 156 
entitled “Symposium on Dynamic Testing of Soils.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
FLUORESCENT X-RAY SPECTROGRAPHIC ANALYSIS 


In recent years, improvements in the generation of high-intensity X-ray 
beams and in the means of detecting and measuring X-rays have made 
fluorescent X-ray spectrographic analysis feasible. Its practical value has ~ 
been attested to by the numerous papers published in the past five years. 

The papers in this Symposium on Fluorescent X-ray Spectrographic Anal- 
ysis were presented at the Fourth Session of the Fifty-sixth Annual Meet- 
ing of the Society held in Atlantic City, N. J., June 29, 1953. 

This symposium, which was sponsored by Committee E-2 on Emission 

_ Spectroscopy, included the following papers: 


Introduction—E. B. Ashcraft 

Basic Theory and Fundamentals of Fluorescent X-ray Spectrographic Anal- 
ysis—H. Friedman, L. S. Birks, and E. J. Brooks 

The Correlation Between Fluorescent X-ray Intensity and Chemical Composi- 
tion—J. Sherman ‘ 


: Use of Multichannel Recording in X-ray Fluorescent Analysis—M. F. Hasler 
; and J. W. Kemp 
Examination of Metallic Materials by X-ray Emission Spectrography—R. M. 
Brissey, H. A. Liebhafsky, and H. G. Pfeiffer 
An Absolute Method of X-ray Fluorescence Analysis Applied to Stainless 


Steels—Gordon E. Noakes 
The Fluorescent X-ray Spectrographic Analysis of Minerals—Howard F. 
Carl and William J. Campbell 


The papers are issued as ASTM Special Technical Publication No. 157 
entitled “Symposium on Fluorescent X-ray Spectrographic Analysis.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON RADIO- 
ACTIVITY—ISOTOPES AND TRACER TECHNIQUES 


The papers in this symposium were presented at the Seventh Session of 
the Fifty-sixth Annual Meeting of the Society held on June 30, 1953, in 
Atlantic City, N. J. 
The following papers are published as ASTM Special Techr:ical Publica- 
_ tion No. 159 entitled “Symposium on Radioactivity—Isotopes and Tracer 
Techniques.” 


Introduction—Don M. McCutcheon 

Properties and Uses of Radioisotopes—G. D. Calkins 

Applications of Radioactive Measurements to ASTM Work—O. M. Elliott 
and J. W. Kuranz 

Design of Radioisotope Laboratories—G. G. Manov and O. M. Bizzell 

Training Personnel in Radioisotope Techniques—Donald R. Smith 

Instrumentation—E. H. Wakefield 


W. L. Davidson 


te 


Management Problems tes from ne Utilization by Industry— 
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Adam, L. H. 
Atmospheric Exposure of Light Metals, 227. 


Adams, Robert C. 
Discussion, 1120. 


Alexander, J. C. 
See Fulton, G. P., Alexander, J. C., Lloyd, 
A. C., and Schwartz, M. 
Anderegg, F. O. 
Discussion, 946. 
Ascherman, J. C. 
See McCammon, G. A., and Ascherman, J. C. 


Ashcraft, E. B. 
Introduction to Symposium on Fluorescent 
X-ray Spectrographic Analysis—Summary 
of Proceedings of STP 157, 1169. 
Ault, G. M. 
See Francisco, A. C., and Ault, G. M. 


Austin, A. E. 

Application of New Etchants for Delineation 
of Fine Structure in Steel—Summary of 
Proceedings of STP, 155, 932. 

Axilrod, B. M. 
See Sherman, M. A., and Axilrod, B. M. 


B 
Baeyertz, M., Craig, W. F. Jr., and Sheehan, 
J. P. 


The notched Bar Impact Properties of Tem- 
pered Martensite in Medium Carbon, 
Medium Alloy Grades of Steel—Summary 
of Proceedings of STP 158, 931. 

Baron, Frank, and Larson, Edward W.., Jr. 

Properties and Behavior of a High-Strength 
Rivet Steel, 597. Disc., 610. 

Static and Fatigue Properties of Carbon, 
Silicon, and High-Strength Low-Alloy 
Steel Plates Having a Hole, 805. Disc., 823. 

Batchelder, G. M., and Lewis, D. W. 

Comparison of Dynamic Methods of Testing 
Concretes Subjected to Freezing and Thaw- 
ing, 1053. Disc., 1067. 

Belfer, Julian I. 


Methods of Determining Compression Set of 
Elastomers at Low Temperatures. Pub- 
lished in ASTM Bou ttetin, No. 190, May, 
p.43(TP69), 
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nant), 1122. (R) Disc., 1134. 
Finances 
Auditors’ Report, 57. 
Fire Tests 
Report of Comm. E-5, 531. 


Flame Photometry 
sodium in fuel oil, proposed method 
Report of Comm. D-2 (appendix), 372. 
Flash Point 
test by tag flash tester, proposed method 
Report of Comm. D-1 (appendix), 344. 
Fluorescent X-ray Spectrography 
Symposium. Summary of Proceedings of STP 


157, 1169: 
analysis of metallic materials (Brissey, . 
Liebhafsky, Pfeiffer). 


minerals (Carl, Campbell). 
multichannel recording (Hasler, Kemp). 
stainless steel (Noakes). 
X-ray (Friedman, Birks, Brooks). 
X-ray intensity versus chemical composition 
(Sherman). 
Fracture 
brittle failure (Hoyt). Summary of Proceed- 
ings of STP 158, 930. 
carbon steel plate (Shank). Summary of Pro- 
ceedings of STP 158, 930. 
fundamentals in metals (Gensamer). Sum- 
mary of Proceedings of STP 158, 930. 
of materials, U. S. Army interest in (Paul). 
Summary of Proceedings of STP 158, 930. 
ship plates (Williams). Summary of Proceed- 
ings of STP 158, 930. 
ship steel and other structures (Cowart). 
Summary of Proceedings of STP 158, 
930. 
theory of brittle failure (Parker). Summary 
of Proceedings of STP 158, 930. 
triaxiality and localization (Roop). 
mary of Proceedings of STP 158, 930. 
Freezing and Thawing 
concrete, soniscope tests (Batchelder, Lewis), 
1053. (R) Disc., 1065. 
Fuel Oil 
sodium, proposed method 
Report of Comm. D-2 (appendix), 372. 


Sum- 


Gaseous Fuels 
Report of Comm. D-3, 389. 
Gasoline 
Report of Comm. D-2, 348, 361. 
Gillett Lecture 
effect of minute additions, in micrometallurgy 
(Strauss), 577. (R) 


Report of Comm. C-14, 317. 4 
textiles 
Report of Comm. D-13, 441. , 5 
Glass-Lined Steel 
chemical resistance (Sanford, Britton). Sum- 
mary of Proceedings of STP 153, 1166. 
Gloss 
evaluation 
Kerr Definometer (Kerr). Published in 
ASTM Buttetrn, No. 191, July, p. 54 
(TP98). 
Report of Comm. E-12, 538. 
Glues 
Report of Comm. D-14, 453. 
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Grading 
effect of sand grading, masonry mortar (Con- 
nor), 933. (R) Disc., 946. 
Grain Size 
effect of, on fatigue notch sensitivity (Karry, 
Dolan), 789. (R) Disc., 802. 
Graphite 
petroleum products, proposed methods 
Report of Comm. D-2 (appendix), 387. 
Grease 
ball bearing, proposed method 
Report of Comm D-2 (appendix), 364. 
lubricating, thixotropy (Hotten and Farring- 
ton). Published in ASTM Buttettn, No. 
189, Apr., p. 53 (TP59). 
Report of Comm. D-2, 346. 
Gypsum 
plaster, setting (Fischer). Published in ASTM 
BuLtetin, No. 192, Sept., p. 43 (TP133). 


Report of Comm. C- 11, 315. 7 
Hardness 


brittle behavior of steel (Tour). Summary of 
Proceedings of STP 158, 930. 
Rockwell 
cylindrical specimens (Sutton and Heyer). 
Published in ASTM Buttetin, No. 193, 
Oct., p. 40 (TP172). 
effect of specimen thickness (Heyer and 
Lysaght). Published in ASTM BuLtetin, 
No. 193, Oct., p. 32 (TP164). 
Heat-Resisting Alloys 
effect of sharp notches on stress-rupture 
characteristics (Brown, Jones, Newman), 
661. 


High-Temperature Coatings 
laboratory ratings for use (Ketcham). Sum- 
mary of Proceedings of STP 153, 1166. 
mechanical properties, processing require- 
ments (Francisco, Ault). Summary of Pro- 
ceedings of STP 153, 1166. 
processing requirements (Terry). Summary of 
Proceedings of STP 153, 1166. 
uses, properties, coated aircraft parts (Paris). 
Summary of Proceedings of STP 153, 1166. 
Highway Materials 
Report of Comm. D-4, 392. 
Honorary Membership Awards 
Summary of Proceedings of the Fifty-sixth 
Annual Meeting, 10. 
Hydrocarbons 
viscosity reduction power, proposed method 
Report of Comm. D-1 (appendix), 342. 


I 


Impact Testing 
See Charpy Test. 
comparison of machines (Rickett, Seens, 
Vanderbeck, Daniel, Roeloffs), 739. Disc., 


751. 
delayed yielding of steel (Johnson, Wood, 
Clark), 755. Disc., 765. 


effect of metallurgical structures, steel (Rine- 
a Summary of Proceedings of STP 158, 


a | 


ferritic nodular iron —.. Summary of 
Proceedings of STP 158, 9 

ferritic iron (Kraft). Summary of Proceedings 
of STP 158, 930 

high-speed motion pictures (Fry). Summary of 
Proceedings of STP 158, 930. 

high-strength steel rivets (Baron, Larson), 
597. Disc., 6 

martensite, medium-carbon and medium- 
alloy steel (Baeyertz, Craig, Sheehan). Sum- 
mary of Proceedings of STP 158, 930. 

notch specimens, preparation (Vanderbeck, 
Lindsay, Wilde, Lankford, Snyder). Sum- 
mary of Proceedings of STP 158, 930. 

quenched and tempered steels (Schwartzbart, 
Sheehan). Summary of Proceedings of STP 
158, 930. 

reproducibility of results (Fry). Published in 

ASTM BUuLtetin, No. 187, Jan., p. 61 

(TP15). 

significance, armor plate eg Summary 
of Proceedings of STP 158, 930. 

specimens, inspection and testing (Driscoll). 


Published in ASTM Bu ttettn, No. 191, 
July, p. 60 (TP104). 
stainless, other steels (Mayne, Krivobok, 


: Muhlenbruch). Summary of Proceedings of 

; STP 158, 930. 

titanium (Driscoll). Summary of Proceedings 
of STP 158, 930. 

i tension testing, sheet metals (Muhlenbruch). 
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K 


Kerr Definometer 
evaluation gloss (Kerr). Published 
in ASTM Bu tetin, No. 191, July, p. 54 
(TP98). 
Knock Test 
Report of Comm. D-2 (appendix on elimina- 
tion of Bouncing Pin), 361. 


L 
Lacquer 
Report of Comm. D-1, 334. 
Laminates 


elastic constants (Witt, Hoppmann, and 
Buxbaum). Published in ASTM BvuLLETIN. 
No. 194, Dec., p. 53 (TP197) 


Symposium. Summary of Proceedings of STP _ 
154, 1167: 


Lateral Loads 


bearing piles (Evans). 
capacity of timber piles (O’Halloran). 
pile tests for design data (Wagner). 
resistance of piles (McCammon, Ascher- 
man). 
single and grouped piles (Tschebotarioff). 
tests on fixed- and free-head piles (Gleser). 
vertical and battered piles (Feagin). 
Lime 
Report of Comm. C-7, 307. 
Liquefied Petroleum Gases 


Published in ASTM Buttrtrn, No. 196, proposed test 
Feb., 1954, p. 43 (TP51). Disc., p. 49 Report of Comm. D-2 (appendix), 384. 
(TP57). Loose Sands 
Instrumentation compaction by vibroflotation 
—— analysis (Katz, Clayton), 1136. Summary of Proceedings of STP 156, 1168. 
(R) D 1158. Low Temperature 
Insulating Materials oo. Summary of Proceedings of STP 
1G electrical 158, 9. 
4 Report of Comm. D-9, 413. armor ol impact test (Hurlich). 
+ Report of Comm. D-20, 477. brittle behavior of ship plates (Williams). 
i Insulation brittle failure (Cowart). 


clothing (Frederick). Published in ASTM 
BuLLETIN, No. 188, Feb., p. 45 (TP37). 
\ International Relations ye" 
Report of Comm. on Standards, 69. 
Tron 
high purity — 
effect of carbon, nitrogen (Hall). Summary 
of Proceedings of STP 158, 930. 
= _ impact properties (Kraft). Summary of Pro- 
ceedings of STP 158, 930. 
nodular 
ductile and brittle failure (Gilbert). Sum- 
mary of Proceedings of STP 158, 930. 
wrought 
Report of Comm. A-2, 93. 


J 


Jet Engine Parts 

mechanical properties, processing require- 
ments (Francisco, Ault). 
Proceedings of STP 153, 1166. 

uses, properties, coated aircraft parts (Paris). 
Summary of Proceedings of STP 153, 1166. 


Summary of 


brittle fracture (Hoyt). 
brittle fracture of carbon steel plate (Shank). _ 
brittleness, steel (Tour). 


brittleness, triaxiality and localization 
(Roop). 

and tear-test data (Frazier, Spret-— 
nak, Boulger). 


ductile and brittle failure of ferritic nodular | 
iron (Gilbert). 
effect of metallurgical structure on impact, 
steel (Rinebolt). 
effect on deformation of carbon and nitrogen 
on high purity iron (Hall). 
fundamentals of fracture (Gensamer). 
— properties of ferritic iron (Kraft). 
ct properties of martensite (Baeyertz, 
raig, Sheehan). 
impact properties of steels (Schwartzbart, 
Sheehan). 
mechanical properties of cast iron (Gilbert). 
metallurgical behavior, ferrous metals 
(Lorig). 
motion pictures, impact tests (Fry). 
notch bend tests, weldments (Stout). 
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Mass Spectrometry 


_ Metal Cleaning 


Low Temperature—continued. 

notch sensitivity (Ripling). 

preparation of notch specimens (Vander- 
beck, Lindsay, Wilde, Lankford, Snyder). 

significance of Charpy test (Pellini). 

size effect in fractures (Irwin). 

tension impact strength, strain distribution, 
steels (Mayne, Krivobok, Muhlenbruch). 

theory of brittle behavior (Parker). 

titanium impact properties (Driscoll). 

toughness, cast iron (Vanick). 

U.S. Army interest in brittle failures (Paul). 


Lubricants 


chlorine, proposed method 
Report of Comm. D-2 (appendix), 369. 
precision data, proposed practices 
Report of Comm. D- 379. 
Report of Comm. D-2, 


M 
Magn esiu 
a Comm. B-7, 216. 
alloys 


(Williams, Viglione), 871. Disc., 
883. 


j Magnetic Properties 


Report of Comm. A-6, 136. 
Macromeritic Liquids 
dynamic testing of soils (Winterkorn). Sum- 
mary of Proceedings of STP 156, 1168. 
Malleable Iron 
Report of Comm. A-7, 137. 


Marburg Lecture 


petroleum chemistry (Rossini), 545. (R) 


Masonry 


bond and surface relation (Thornton). Pub- 
lished in ASTM Bu ttetin, No. 190, May, 
p. 45 (TP71). 
Report of Comm. C-15, 321. 


Report of Comm. E-14, 540. 
Membership 
Report of Board of Directors, 35. 


compositions 
phosphates (Mankowich). Published in 
ASTM BuLtetin, No. 194, Dec., p. 50 
(TP194). 
corrosion test, proposed method 
Report of Comm. D-12 (appendix), 438. 
efficiency (Miller and Hedman). Published 
in ASTM Buttetin, No. 194, Dec., p. 51 
(TP195). 
Report of Comm. D-12, 435. 
Powders 
rt of Comm. B-9, 270. 
Shadowing 
contrast enhancement of 
Proceedings of STP 155, 932 


Metallography 


Report of Comm. E-4, 503. 
ee. , Summary of Proceedings of STP 
155, 9 
‘alloys (Hunter, Keller). 
contrast enhancement, metal shadowing 
(Teague). 
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etchants, steel (Austin). 

inorganic replication (Calbick). 4 

plastic replicas (Schwartz). 

precipitated carbides (Forgeng, Lamont). 
replica washing (Fullam). 

steel by extraction replicas (Fisher). 

steel, specimen polishing (Grube, Rouze). 
successive examination of areas (McLauch- 


an). 
Metallurgy 
effect of minute additions (Strauss), 577. (R) 
effect of structure on impact, steel (Rinebolt). 
Summary of Proceedings of STP 158, 930. 
low temperature behavior, ferrous metals 
(Lorig). Summary of Proceedings of STP 
158, 930. 
Metals and Alloys 
effect of additions, 
(Strauss), 577. (R) 
non-ferrous 
Report of Comm. B-2, 190. 
Report of Comm. B-3, 192. 
Metals, Light 
atmospheric exposure (Adam), 227. 
fatigue 
testing frequency (Wyss). Published in 
ASTM ButteTin, No. 188, Feb., p. 31 
(TP23). Disc., No. 194, Dec., p. 66 
(TP210). 
recommendations affecting standards 


Report of Comm. B-7, 219. : 
Report of Comm. B-7, 216. 
Mica 
Report of Comm. D-9, 413. 


Microstructure 
steel, etchants (Austin). Summary of Pro- 
ceedings of STP 155, 932. 
steel, by extraction replicas (Fisher). Summary 
of Proceedings of STP 155, 932. 
Minerals 
fluorescent X-ray analysis (Carl, Campbell). 
Summary of Proceedings of STP 157, 1169. 
Mortar 
aggregate reactivity (Mielenz). Published in 
ASTM Buttetin, No. 193, Oct., p. 41 
(TP173) 
Report of Comm. C-3, 3 
effect of sand grading * Connen), 933. (R) 
Disc., 945. 
Report of Comm. C-12, 316. 


N 


in micrometallurgy 


Naval Stores 
Report of Comm. D-17, 458. 
Nickel 
Report of Comm. on Filler Metal, 295. 
Nomenclature 
methods of testing. Published in ASTM But- 
LETIN, No. 187, Jan., p. 41. 
Nomograph 
evaluating test results (Li). Published in 
ASTM Buttetin, No. 194, Dec., p. 74 
(TP218). 
Non-Destructive Testing 
Report of Comm. E-7, 534. 


=a 


= 
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Notches 
fatigue (Karry, Dolan), 789. (R) Disc., 802. 
heat-resisting alloys 
stress-rupture (Brown, Jones, Newman), 
661. (R) 


impact properties 
martensite, medium-carbon and medium- 
alloy steel (Baeyertz, Craig, Sheehan). 
Summary of Proceedings of STP 158, 930. 
toughness, effect of specimen preparation 
(Vanderbeck, Lindsay, Wilde, Lankford, 
Snyder). Summary of Proceedings of 
STP 158, 930 
sensitivity, steel (Ripling). Summary of Pro- 
ceedings of STP 158, 930 
stress-rupture of steel (Newman, 
Brown), 677. (R) Disc., 690 
weldments (Stout). Summary of Proceedings 
of STP 158, 930. 


oO 


Jones, 


ability (Shipp and Tredick). Pub- 
din ASTM Bu tetry, No. 189, Apr., 
. 48 (TP54)..Disc., No. i94, Dec., p. 69 
TP213). 
insulating 
pe on (Clark). Published in ASTM 
Butietin, No. 187, Jan., p. 55 (‘TP9). 
motor 
viscosity (Foreman). Published in ASTM 
Buttetin, No. 191, July, p. 50 (TP94). 
tung 
improved heat test (Pack). Published in 
ASTM Buttetin, No. 191, July, p. 49 
(TP93). 
Oxygen 
comparison of water-dissolved oxygen tests 
(Riedel), 1103. Disc., 1120. 


P 
Packing 
Report of Comm. D-10, 425. 
Paint 


Report of Comm. D-1, 334. 
Paper and Paperboard 
Report of Comm. D-6, 402. 
Report of Comm. D-9, 413. 
Papers and Publications : 
— of Comm. on Papers and Publications, 


Paving Materials 
asphaltic mixture design (Vallerga, Zube), 
1079. Disc., 1097. 
Report of Comm. D-4, 392. 
PEI Test 
porcelain enamel 
abrasion resistance (Roberts). Summary of 
Proceedings of STP 153, 1166 
Petroleum 
ball bearing greases, proposed method 
Report of Comm. D-2 (appendix), 364. 
chemistry (Rossini), 545. (R) 
chlorine, proposed method 
— of Comm. D-2 (appendix), 369. 


flash point, proposed method 
Report of Comm. D-1 (appendix), 344. 
graphite analysis, proposed methods 
Report of Comm. D-2 (appendix), 387. 
precision data, proposed practices 
Report of Comm. D-2 (appendix), 379. 
Report of Comm. D-2, 348, 361. 
sodium, proposed method 
Report of Comm. D-2 meee, 372. 
weathering, proposed tes 
Report of Comm. D-2 = 384. 
Photometry, Flame 
cement content (Streed and Stoll). Published 
in No. 189, Apr., p. 
58 (TP64 
portland 
magnesium oxide determination (Wilson and 
Krotinger). Published in ASTM 
TIN, No. 189, Apr., p. 56 (TP62). Disc., 
No. 191, July, p. 70 (TP114). 
Pigments 
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Report of Comm. D-1, 334. 
tinting strength (Melsheimer). Published in 
STM Buttetin, No. 193, Oct., p. 56 
(TP188). 
Piles 
Symposium on Lateral Load Tests. Summary | 
of Proceedings of STP 154, 1167: 
battered and vertical (Feagin). 
design data (Wagner). 
fixed- and free-head tests (Gleser), 
horizontal loads (Evans). 
lateral loads (McCammon, Ascherman). 
load capacity (O’Halloran). 
model tests (Tschebotarioff). 
Plastics 
films, stiffness tester (Dexter). Published in 
ASTM Buttetin, No. 192, Sept., p. 40 
(TP130). 
polymethyl methacrylate 
crazing, stress and strain (Sherman and 
Axilrod). Published in ASTM BuLtetin, 
No. 191, July, p. 65 (TP109). Disc., 
No. 194, Dec. -» p. 61 (TP205). 
potassium permanganate test (Caldwell and 
Fowler). Published in ASTM 
No. 194, Dec. p. 67 (TP211). 
Report of ‘Comm. D-9, 413. 
Report of Comm. D- 20, 477. 
weathering (Yustein, Winans, and Stark). 
Published in ASTM Buttetin, No. 196, 
Feb., 1954, p. 29 (TP37). Disc., p. 38 
(TP46). 


Polishes 
Report of Comm. D-21, 483. 
Polishing 
techniques 
metallography of steel (Grube, Rouze): Sum- 
mary of Proceedings of STP 155, 932. 
Porcelain Enamels 
Report of Comm. C-22, 332. 
Symposium. Summary of Proceedings of STP 
153, 1166: 
abrasion resistance (Sharon). 
abrasion resistance, PEI test (Roberts). 
acid resistance (Wilson). 


= 
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Porcelain Enamels—continued. 


aircraft parts (Paris). 
bending test, enamel on iron (Bryant). 
criteria for selection (Harrison). 
engine parts (Francisco, Ault). 
glass-lined steel (Sanford, Britton). 
laboratory rating for high-temperature use 
(Ketcham). 
processing requirements (Terry). 
temperature effect on electrical resistivity 
(Strauss, Richards, Moore). 
tension tests (Deringer). 
torsion testing (Hoover). 
uses (Spencer-Strong). 
weathering resistance (Moore). 
Porosity 
aggregates { Lewis, Dolch, Woods), 949. (R) 
Disc., 


Preece 


zinc coatings (Ellinger, Pauli, and Orem), 125. 
President’s Address 

annual address (Maxwell), 32. 
Printing Ink 

Report of Comm. D-1, 334. 
Prot Test 

fatigue accelerated test (Ward, Schwartz, 

Schwartz), 885. Disc., 


Pulse Velocity 


concrete (Parker), 1033. (R) Disc., 1043. 


Q 
Quality Control 
Report of Comm. E-11, 537. 
Quicklime 
Report of Comm. C-7, 307. 


R 


Radiation 


detection and measurement (Wakefield). 
Published in ASTM Bvuttetrn, No. 189, 
Apr., p. 33 (TP39). 
Radioactive Isotopes 
Symposium. Summary of Proceedings of STP 
159, 1170: 
applications in ASTM 
Kuranz). 
design of laboratories (Manov, Bizzell). 
instrumentation (Wakefield). 
management problems (Davidson). 
Refractories 
Report of Comm. C-8, 309. 
metallographic washing techniques (Fullam). 
Summary of Proceedings of STP 155, 932, 


work (Elliott, 


properties and uses (Calkins). 
training personnel (Smith). 
Radiography 
Report of Comm. E-7, 534. _ 
Replicas 
extraction, microstructure of steel (Fisher). 
Summary of Proceedings of STP 155, 932. 
inorganic, interpretation of electron micro- 


Rayon 
Report of Comm. D-13, 441. 

graphs (Calbick). Summary of Proceedings 

of STP 155, 932. 
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plastic, in metallography (Schwartz). Sum- 
mary of Proceedings of STP 155, 932. 
Reproducibility 
keyhole Charpy and tear-test data on labora- 
tory semikilled steel (Frazier, Spretnak, 
Boulger). Summary of Proceedings of STP 
158, 930. 
Research 
Report of Comm. on Research, 73. 
Resins 
phenolic foams 
vibration (Stark). Published in ASTM But- 
LETIN, No. 189, Apr., p. 44 (TPSO). 
Road Materials 
Report of Comm. D-4, 392. 
Report of Comm. D-18, 461. 
Roofing Materials 
Report of Comm. D-8, 407. 
Rosin 
Report of Comm, D-17, 458. 
Rubber 
adhesion tester (Eller). Published in ASTM 
BULLETIN, No. 190, May, p. 41 (TP67). 
automotive and aeronautical applications. 
Published in ASTM Bvuttetin, No. 188, 
Feb., p. 20. 
buffing 
laboratory equipment (Eller, Gondek, and 
Chatten). Published in ASTM Buttetin, 
No. 187, Jan., p. 53 (TP7). 
compression set 
low-temperature (Belfer). 


Published in 


ASTM Bu tetin, No. 190, May, p. 43 
(TP69). 

Report of Comm. D-11, 427. 

synthetic 


Report of Comm. D-11, 427. 


Salt Spray Test 
Report of Comm. B-3, 192. 


Sand 
effect of grading on mortar (Connor), 933. (R) 
Disc., 945. 
aircraft 
wing tip standardization (Rosenbaum). 
Published in ASTM Bu ttetrn, No. 192, 
Sept., p. 38 (TP128). 
Sandwiches 
metal 
aircraft use 
standards (Rosenbaum). Published in 
ASTM Buttetin, No. 192, Sept., p. 
38 (TP128). 
structural 


Report of Comm. C-19, 328. 
Sanford E. Thompson Award 
Summary of Proceedings of the Fifty- sixth 
Annual Meeting, 17. 
Setting Time 
gypsum plaster (Fischer). Published in ASTM 
BULLETIN, No, 192, Sept., p. 43 (TP133), 
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Sewage Treatment Processes etn 
effects of detergents (Manganelli): Published 
in ASTM Bu tetin, No. 192, Sept., p. 57 
(TP147). 
Shellac . 
Report of Comm. D-1, 334. 7 
Shipping Containers 
Report of Comm. D-10, 425. 7 
Siding Materials 
Report of Comm. D-8, 407. 
Sigma 
corrosion-resisting steels 
Report of Comm. A-10 (appendix), 143. 
Simpkinson), 170. Disc., 177. 
Significance of Tests 
Charpy tests (Pellini). Summary of Proceed- 
ings of STP 158, 930. 
concrete aggregates (Lerch), 978. (R) Disc., 
990 


sulfate resistance, concrete (Higginson, 
Glantz), 1002. Disc., 1010. 
V-notch test, armor plate (Hurlich). Summary 
of Proceedings of STP 158, 930. 
Silicones 
coatings 
effect of temperature on electrical resistivity 
of ceramic coatings (Strauss, Richards, 
Moore). Summary of Proceedings of 
STP 153, 1166. . 
Simulated Service Testing 
philosophy (Gordon). Published in ASTM 
BuLteTIn, No. 193, Oct., p. 27 (TP159). 
Report of Comm. on Simulated Service Test- 
ing, 79. 
Size Effect 
brittle fracture (Irwin). Summary of Proceed- 
ings of STP 158, 930. 
Soap 
hard water analysis (Hoyt and Walter). Pub- 
lished in ASTM Buttery, No. 192, Sept., 
p. 56 (TP146). 
Report of Comm. D-12, 435. 
Soils 
Report of Comm. D-18, 461. 
Symposium on Soil Dynamics. Summary of 
Proceedings of STP 156, 1168: 
analogy, foundation soil systems (Pauw). 
bibliography (Bernhard). 
compaction by vibroflotation (D’Ap- 
polonia). 
compaction equipment (Whiffin). 
discontinuous model for solving problems 
(Slade). 
elasticity, damping, of oscillating bodies 
(Lorenz). 
makromeritic liquids (Winterkorn). 
_ performance records of engine foundations 
(Tschebotarioff). 
pilot studies (Bernhard, Finelli). 
sand compaction (Converse). 
theory (Quinlan). 
/ vibration research (van der Poel). 


vibrations due to periodic loading (Sung). 


Solvents 
flash point, proposed method 
Report of Comm. 344. 
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hydrocarbon 
viscosity reduction power, proposed method 
Report of Comm. D-1 (appendix), 342. 
Soniscope Test 
concrete, freezing and thawing (Batchelder, 
Lewis), 1053. (R) Disc., 1065. 
Spectrophotometry 
cement content (Streed and Stoll). Published 
in ASTM Bvuttetin, No. 189, Apr., p. 58 
(TP64). 
Standardization 
Report of Comm. on Standards, 69. 
Statistical Analysis 
petroleum products, proposed practices 
Report of Comm. D-2 \ ee 379. 
Report of Comm. E-11, 537. 
Steel 


alloy 
Report of Joint Comm. on Effect of Tem- 
perature, 291. 
brittle behavior, high hardness (Tour). Sum- 
mary of Proceedings of STP 158, 930. 
brittle fractures of Proceed- 
ings of STP 158, 9. 
carbon 
brittle fracture (Shank). Summary of Pro- 
ceedings of STP 158, 930. 
corrosion 
Report of Comm. A-5, 96. 
corrosion-resisting - 
Report of Comm. A-10, 139. 
sigma phase 
Report of Comm. A-10 (appendix), 143. 
(Simpkinson), 170. Disc., 177. 
corrosiveness of test sites 
Report of Comm. B-3, 194. 
delayed yielding 
compression impact (Johnson, 
Clark), 755. Disc., 765. 
directional ‘strength 
rolled strip, measurement (Hoover), 720. 
Disc., 736. 
ductility and strength in torsion 
effect of strain rate and temperature (Work, 
Dolan), 611. (R) 
fatigue 
testing frequency (Wyss). 


Wood, 


Published in 


ASTM BUuLtetin, No. 188, Feb., p. 31 
(TP23). Disc., No. 194, Dec., p. 66 
(TP210). 


fatigue strength (bending, torsion) 
effect of stress range, in notched and un- 
notched specimens (Findley, Mergen, 
Rosenberg), 768. (R) Disc., 785. 
ferritic 
creep (Dulis, Smith), 627. (R) Disc., 659. 
effect of notches on stress-rupture char- 


acteristics (Brown, Jones, Newman), 
661. (R) 

high strength rivets (Baron, Larson), 597. 
Disc., 610. 


impact properties (Schwartzbart, Sheehan). 
Summary of Proceedings of STP 158, 930. 
low-alloy 
notch effect, notch depth (Newman, Jones, 
Brown), 677. (R) Disc., 690. 


— 
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Steel—continued. 


martensite 
tempered, impact properties (Baeyertz, 
Craig, Sheehan). Summary of Proceed- 
ings of STP 158, 930. 
metallurgical structure, impact properties 
(Rinebolt). Summary of Proceedings of 
STP 158, 930. 
microstructure 
etchants (Austin). Summary of Proceed- 
ings of STP 155, 932 
extraction replicas (Fisher). Summary of 
Proceedings of STP 155, 932. 
specimen polishing (Grube, Rouze). Sum- 
mary of Proceedings of STP 155, 932. 
N-155 Alloy 
temperature effect on mechanical properties 
mer, Lazan), 839. (R) Disc., 852. 
notch sensitivity (Ripling). Summary of 
Proceedings of STP 158, 930. 
plate 
- (Baron, Larson), 805. (R) Disc., 


recommendations affecting standards 
Report of Comm. A-1 (appendix), 87. 
Report of Comm. A-1, 81. 
Report of Comm. E-3, 499. 
Report of Comm. on Filler Metal, 295. 
SAE 4340 
fatigue se (Trapp, Schwartz), 825. 
Disc., 
semikilled 
reproducibility of Charpy and _ tear-test 
data (Frazier, Spretnak, Boulger). Sum- 
mary of Proceedings of STP 158, 930. 
sheet 
accelerated corrosion test (Opinsky, Thom- 
son, and Boegehold). Published in ASTM 
BuLtetin, No. 187, Jan., p. 47 (TP1). 


hip 
brittle behavior (Williams). Summary of 
Proceedings of STP 158, 930 
brittle failure (Cowart). Summary of Pro- 
ceedings of STP 158, 930. 
stainless 
effect of notches on stress-rupture char- 
acteristics (Brown, Jones, Newman). 
661. (R 


electrolytic etching (Streicher). Published 
in ASTM Buvuttetin, No. 188, Feb., 
p. 35 tl Disc., No. 191, July, p 
58 (TP102) 

tension impact (Mayne, Krivobok, Muhlen- 
bruch). Summary of Proceedings of 
STP 158, 930. 

tension impact testing (Muhlenbruch). 
Published in ASTM Bu ttetin, No. 196, 
Feb., 1954, p. 43 (TP51). Disc., p. 49 
TPS7). 


X-ray fluorescence analysis (Noakes). 
Summary of Proceedings of STP 157, 
1169. 


tempered 
impact properties (Schartzbart, Sheehai). 
mad of Proceedings of STP 158, 


Supyect INDEX 
_ tension impact strength 


strain distribution (Mayne, Krivobok, 
Muhlenbruch). Summary of Proceedings 
of STP 158, 930, 
torsion 
effect of strain rate and temperature (Work, 
Dolan), 611. 
V-notch impact test, armor plate (Hurlich). 
Summary of Proceedings of STP 158, 930. 
strain rate, influence of (Work, Dolan), 611. 
Stiffness Tester 
plastic films (Dexter). Published in ASTM 
BuLLetTIN, No. 192, Sept. p. 40 (TP130). 
Sulfate Resistance 
concrete (Higginson, Glantz), 1002. Disc., 
1010. 


Tear Test 
directional strength of strip (Hoover), 720. 
Disc., 736. 
reproducibility of data, steel (Frazier, Spret- 
nak, Boulger). Summary of Proceedings of 
STP 158, 930. 
Temperature Effect 
ductility of steel in torsion (Work, Dolan), 
611. (R) 
electrical resistivity of ceramic coatings 
(Strauss, Richards, Moore). 7 een of 
Proceedings of STP 153, 1166 
Report of Comm. B-4, 198. 
Report of Joint Comm. on Effect of Tem- 
perature, 291. 
mechanical properties of heat-resistant alloys 
(Demer, ' zan), 839. (R) Disc., 852. 
sodium triphosphate (McGilvery). Published 
in ASTM Buttettn, No. 191, July, p. 45 
(TP89). 
subatmospheric 
tension testing (Wessel and Olleman). 
Published in ASTM: BuLtetin, No. 187, 
Jan., p. 56 (TP10). 
Templin Award 
Summary of Proceedings of the Fifty-sixth 
Annual Meeting, 19. 
Tension 
drilled steel plate (Baron, Larson), 805. (R) 
Disc., 823. 
static, in riveted joints (Baron, Larson), 597. 
Disc., 
impact testing 
sheet metals (Muhlenbruch). Published in 
ASTM Bu tetin, No. 196, Feb., 1954, 
p. 43 (TPS51). Disc., p. 49 (TP57). 
porcelain enameled steel (Deringer). Summary 
of Proceedings of STP 153, 1166. 
subatmospheric temperature effect 
apparatus (Wessel and Olleman). Pub- 
lished in ASTM Buttetin, No. 187, 
Jan., p. 56 (TP10). 
Test Sites 
atmospheric 
~—— of Advisory Comm. on Corrosion, 


corrosivity 
Report of Comm. B-3, 194. 
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Testing Methods 
Report of Comm. E-1, 489. 
nomenclature. Published in ASTM But- 
LETIN, No. 187, Jan., p. 41. 
Testing Machines 
adhesion 
rubber (Eller). Published in ASTM But- 
LETIN, No. 190, May, p. 41 (TP67). 
fading (Boor and Trucker). Published in 
ASTM Buttetin, No. 189, Apr., p. 38 
(TP44). 
fatigue, random sequence (Freudenthal), 896. 
(R) Disc., 910. 


gloss 
wallboard 
Kerr Definometer (Kerr). Published in 
ASTM Buttettn, No. 191, July, p. 54 
(TP98). 
impact (Driscoll). Published in ASTM BuLtE- 
TIN, No. 191, July, p. 60(TP104). 
impact (Rickett, Seens, Vanderbeck, Daniel, 
Roeloffs), 739. Disc., 751. 
Report of Comm. E-1, 489. 
stiffness 
films (Dexter). Published in ASTM BuLte- 
TIN, No. 192, Sept., p. 40 (TP130). 
tag flash tester 
Report of Comm. D-1 (appendix), 344. 
tension 
subatmospheric temperatures (Wessél and 
Olleman). Published in ASTM BULLETIN, 
No. 187, Jan., p. 56 (TP10). 
Textiles 
insulation fillers (Frederick). Published in 
ASTM Buttetin, No. 188, Feb., p. 45 
(TP37). 
recommendations affecting standards 
Report of Comm. D-13 (appendix), 445. 
Report of Comm. D-13, 441. : 
thickness and compressibility (Schiefer). 
Published in ASTM Buttetin, No. 192, 
Sept., p. 48 (TP138). 
thickness-pressure measurements (Bogaty, 
Hollies, Hintermaier, and Harris). Pub- 


lished in ASTM Buttettn, No. 188, Feb., — 


p. 46 (TP38). 
Thermal Insulating Materials 
Report of Comm. C-16, 323. 
Thermal Properties 
durability 
concrete from aggregate data (Higginson, 
Kretsinger), 991. (R) Disc., 1001. 


expansion 
concrete, aggregates (Mitchell), 963. (2) 
Disc., 976. 
shock 


durability of asphalt coatings (Greenfeld). 
Published in ASTM Buttetin, No. 193, 
Oct., p. 46 (TP178). 
Thermodynamics 
petroleum (Rossini), 545. (R) 
Thermometers 
Report of Comm. E-1, 489. 
Thickness 
effect on Rockwell tests (Heyer and Lysaght). 
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Published in ASTM Bu ttrein, No. 193 
Oct., p. 32 (TP164). 
textiles (Bogaty, Hollies, Hintermaier, and 
Harris). Published in ASTM BuLtetrn, 
No. 188, Feb., p. 46 (TP38). 
textiles (Schiefer). Published in ASTM BuLtE- 
TIN, No. 192, Sept., p. 48 (TP138). 
Thixotropy 
lubricating greases (Hotten and Farrington). 
Published in ASTM Buttetin, No. 189, 
Apr., p. 53 (TP59). 
Tile 
asphalt 
cleaners (Zettlemoyer). Published in ASTM 
BULLETIN, No. 192, Sept., p. 59 (TP149). 


clay 
Report of Comm. C-15, 321. 4 
drain 
Report of Comm. C-15, 321. : 
Timber. , 
Report of Comm. D-7, 404. 
Time-Temperature Stress 
stress-rupture data (Manson, Brown), 693. 
(R) Disc., 712. 
Tinting Strength 
pigments (Melsheimer). Published in ASTM 
Buttetin, No. 193, Oct., 56 (TP188). 
Titanium 
impact properties (Driscoll). Summary of 
Proceedings of STP 158, 930. 
Torsion 
effect of strain rate and temperature on steel 
(Work, Dolan), 611. (R) 
porcelain enamel (Hoover). Summary of 
Proceedings of STP 153, 1166. 
stress range effect in fatigue (Findley, Mergen, 
Rosenberg), 768. (R) Disc., 785. 
Toughness 
cast iron (Vanick). Summary of Proceedings 
of STP 158, 930. 
Tour Award 
Summary of Proceedings of the Fifty-sixth 
Annual Meeting, 19. 
Tracer Techniques 
Symposium on Radioactive Isotopes. Sum- 
mary of Proceedings of STP 159, 1170: 
applications in ASTM work (Elliot, Ku- 
ranz). 
design of laboratories (Manov, Bizzell). 
instrumentation (Wakefield). 
management (Davidson). 
properties an 
trainin rsonnel (Smith). 
il 
Report of Comm. D-9, 413. 
Tung Oil, see Oil, Tung — 


Ultrasonic Testing 
Report of Comm. E-7, 534. 


Vapor Barriers 
Report of Comm. C-16, 323. 
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wee liquefied petroleum gases, proposed test 


Report of Comm. D-1, 334. Report of Comm. D-2 (appendix), 384. 
Vibration Compaction plastics 
loose sands (D’ P eune Summary of effects of climate (Yustein, Winans, Stark). 
Proceedings of STP 156, 1168. Published in ASTM BULLETIN, No. 196, 
phenolic foams (Stark). Published in ASTM Feb., 1954, p. 29 (TP37). Disc., p. 38 
BULLETIN, No. 189, Apr., p. 44 (TPS0). (T P46). 
research, road construction om der Poel). resistance of porcelain enamels (Moore). 
Summary of Proceedings of STP 156, 1168. Summary of Proceedings of STP 153, 1166. 
soil foundations (Sung). Summary of Pro- Weldments 
ceedings of STP 156, 1168. notch bend tests (Stout). Summary of Pro- 
Viscosity ceedings of STP 158, 930. 
hydrocarbons, proposed method Whiteware 


BuLteTin, No. 191, July, p. 50 (TP94). Wire 


Report of Comm. D-1 342. ceramic 
motor oil (Foreman). Published in ASTM Report of Comm. C-21, 330. _ 5 
Report of Comm. A-5, 102. 


we: Report of Comm. B-1, 181. 
Wall Board zinc-coated 
gloss (Kerr). Published in ASTM BULLETIN, Preece and stripping tests (Ellinger, Pauli, 
No. 191, July, p. 54(TP98), and Orem), 125. 
Water 


boiler 
Report of Comm. 19, : 
po eS activities. Published in ASTM Report of Comm. D-13, 441. 
BULLETIN, No. 188, Feb., p. 22. 
industrial x 
literature references 
Report of Comm. D-19 (appendix), 470. 


Report of Comm. D-7, 404. Rae 
Wool 


X-ray Analysis 


- : Symposium on Fluorescent X-ray Analysis. 
475. of Proceedings of STP 157, 
475. 

testing (Riedel) 1103 (Brissey, Liebhafsky, 
eiffer 

minerals (Carl, Campbell). 
Report of Comm. D-8, 407. _ multichannel recording (Hasler, Kemp). 


stainless steel (Noakes). 


ax 
Report of Comm. D-21, 483. : 
Wear 


concrete (Kennedy, Prior), 1021. (R) Disc., 7; 

her f test sites 
i corrosiveness 0 
W accelerated Report of Comm. B-3, 194, 


fadeometer (Boor and Trucker). Published Zinc Coatings = y ; 
in ASTM Buvuttetin, No. 189, Apr., Preece and stripping tests (Ellinger, Pauli, 
p. 38 (TP44). and Orem), 125. 
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